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invitation to asthma? 


not necessarily 


Tedral, taken at the first sign of attack, often 
forestalls severe symptoms. 


relief in minutes... Tedral brings symp- 
tomatic relief in a matter of minutes. Breathing 
becomes easier as Tedral relaxes smooth muscle, 
reduces tissue edema, provides mild sedation. 


for 4 full hours... Tedral maintains more 
normal respiration for a sustained period—not 
just a momentary pause in the attack. 


Tedral provides: 

in boxes of 24, 120 and 1000 tablets 


Tedral 


WARNER-CHILCOTT 
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For denendable, prolonged increase 
in blood calci.m levels... 


In Hypocalcemic Tetany 
alherol 


eo, —increased safety and undiminished 
Se effectiveness for continuous treatment— 


Since hypocalcemic tetany—usually the result of parathyroid 
deficiency—may require treatment for years, effective oral therapy with 
Hytakerol is superior to other methods. 


P Hytakerol increases absorption of calcium from the intestine and can be 
taken with undiminished effectiveness, indefinitely. 


. For prophylaxis foliowing DOSAGE; Orally from 3 to 10 ce. (or 
raf thyroidectomy and for from 6 to 20 capsules) daily until 
7 eae tetany is relieved; weekly maintenance 
ems hypoparathyroidism, dose from 1 to 7 cc. (or from 2 to 14 
dihydrotachysterol . . . capsules) depending upon the blood 
has proved to be the most and urine calcium levels. From 10 to 
4 15 Gm. calcium lactate or gluconate 
valuable remedy .. . should be given daily as supplement 
“Dihydrotachysterol . .. through the period of therapy. 
is of great therapeutic value SUPPLIED; Hytakerol in Oil, bottles of 
. in most cases of both 15 ce. 
; normocalcemic and Hytakerol Capsules (each equivalent 
} ; tetany.””? to 0.5 ec.) , bottles of 50. 
Chvostek’s Sign— 
|? tl Tonic contraction of the 
) LABORATORIES facial muscles results 
/ NEW YORK 18, N. Y. from tapping the facial 
nerve as it issues from the , 
1. Grollman, Arthur: Essentials of Endocrinology. stylemastoid foramen 
- 2y Philadelphia, J.B. Lippincott Co., 2nd ed., 1947, p. 269. —one of the diagnostic 
’ 2. Sandock, Isadore: Tetany and ovarian function. indications of 


Mes J.A.M.A., 160:659, Feb. 25, 1956. hypocaleemic tetany. 
we : Hytakerol, trademark reg. U.S. Pat. Off. 
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Further Observations on Patients with Malignant Carcinoid 
ALBERT SJOERDSMA, HERBERT WEIsSSBACH, LUTHER L. TERRY 
AND SIDNEY UDENFRIEND 


The ‘“‘classic’”’ concepts of carcinoidosis are rapidly expanding as more cases are studied and the 


diagnosis is established earlier by detection of urinary excretion of 5-hydroxyindole acetic acid. 
This is brought out instructively in the present analysis of nineteen cases. Of special interest is the 
estimate, by use of labeled 5-hydroxytryptophan, of the enormous tumor pool of serotonin and of 
its turnover rate in a case of metastatic carcinoid; also, the evidence of tryptophan depletion 
because of the inordinate demands of the tumor tissue for biosynthesis of serotonin. The implica- 
tions of these findings throw additional light on the role of serotonin. 


Determination of 5-Hydroxytryptamine, 5-Hydroxyindole Acetic Acid and Histamine 
in Thirty-three Cases of Carcinoid Tumor (Argentaffinoma) 
BENGT PERNOW AND JAN WALDENSTROM 


The authors have had opportunity to study thirty-three patients with carcinoid tumors and re- 
port on the results of the determination of 5-hydroxytryptamine in serum and of a metabolite, 
5-hydroxyindole acetic acid, in urine. The value of these determinations in the diagnosis of 
carcinoidosis has now been well established. It is shown that complete resection of the tumor 
results in return to normal of these values, another indication of their physiologic significance and 
a means of establishing recurrence of tumor. Other interesting correlations are brought out, a par- 
ticularly intriguing one having to do with concomitant increase in the urinary excretion of 
histamine. 


Lactescence of Serum Following Episodes of Acute Alcoholism and Its Probable Rela- 
tionship to Acute Pancreatitis . MARGARET J. ALBRINK AND GERALD KLATSKIN 


It has long been known that acute alcoholism may be followed by acute pancreatitis. The present 
report calls attention to an interesting manifestation of the acute pancreatitis occurring under 
these circumstances, namely, transient lactescence of the serum due to hyperlipemia. This phenom- 
enon is one aspect of the complex relationship between pancreatitis and hyperlipemia, which is dis- 
cussed informatively in some detail. 
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antifungal activity of Mycostatin 
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protects your patients against the monilia! 
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The Pattern of Intermediary Carbohydrate Metabolism in Cushing’s Syndrome 
DorotHy H. HENNEMAN AND JOHN P. BUNKER 34 


It is shown that under various conditions of glucose loading there is excessive accumulation of 
lactate and pyruvate in the venous blood of patients with Cushing’s syndrome and of subjects 
receiving 17-hydroxycorticosteroid therapy. The abnormal responses described appear to be en 
peculiar to the states indicated. The inference is drawn (although all the facts are not adequately ete 
explained) that the 17-hydroxycorticosteroids inhibit the conversion of pyruvate to acetyl coen- ae 
zyme A and carbon dioxide, without affecting the tricarboxylic acid cycle directly. 


Fructose and Diabetes . . . .  .JoHN A. MOORHOUSE AND ROBERT M. Kark 46 


This paper is timely in view of current interest in fructose as a medium for management in dia- po ae 2 
betic ketosis and the light thrown by its use upon the nature of the metabolic defects in diabetes : 
and the actions of insulin. Fructose was delivered to the diabetic patients under experiment by 
continuous tube feeding, insulin having courageously been withdrawn. In the patients with milder 
diabetes there was improved utilization of carbohydrate, and with this, improved utilization of fat pes, 
and protein. In the patients with severe diabetes fructose administration was ineffective. Apart from abe 
the impracticality of continuous oral feeding, a prerequisite for reasons made clear in the text, the 
authors conclude that fructose has little therapeutic usefulness. They go on to make deductions 
as to the site and nature of the metabolic block in diabetes, and on the action of insulin. 


The Management of Hepatic Coma in Relation to Protein Withdrawal and Certain 
Specific Measures 
W. H. J. SUMMERSKILL, STANLEY J. WOLFE AND CHARLES S. Davipson 59 


The authors review their large experience in the management of hepatic coma, for the most part 
in patients with advanced alcoholic cirrhosis. The regimen which yielded more recoveries than 
any other employed included protein withdrawal from the diet, oral administration of broad- 
spectrum antibiotics and judicious use of enemas; supplementary use of glutamic acid, aspartic 
acid, lipoic acid or corticosteroids did not improve the response significantly. Concurrent blood 
studies, notably of ammonia, were made. The authors make clear that the problems of patho- 
genesis and treatment of hepatic coma have not been resolved by any means. 


The ‘‘Dieting Depression.”’ Incidence and Clinical Characteristics of Untoward Re- ae 
sponses to Weight Reduction Regimens . . . . .ALBERTJ.STUNKARD 77 oe 


In this important study, Dr. Stunkard stresses the generaily overlooked or but dimly perceived 

point that about half of all obese persons who undertake more or less strenuous weight reduction ; itaet 
regimens experience untoward symptoms. He describes one such untoward response, the “‘dieting ae 
depression,” which is all the more likely to be unanticipated because it is preceded by a period of 
undue enthusiasm or elation. It is made clear that, far from being the innocuous procedures gener- 
ally supposed, weight reduction regimens impose some hazard, particularly in subjects who have 
previously exhibited instability—and since obesity may itself be a manifestation of poor life adjust- 
ments, the hazard is not confined to few. 
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WOLF & 
now “... care of the man WOLFF 
” HUMAN 
rather than merely his stomach. easraic a 
FUNCTION 


controls gastrointestinal dysfunction 


because it cares for the man 
At the cerebral level 


/ the tranquilizer Miltown in “Milpath” controls the 
‘ psychogenic element in G. I. disturbances. (Miltown 
4 does not produce barbiturate loginess or hangover.) 


#8 Well as his ‘stomach’ 
At the peripheral level zt 
the anticholinergic, tridihexethyl iodide, in “Milpath” 
blocks vagal impulses to prevent hypermotility and i; 
hypersecretion. 


ulcer © gastric ulcer © intestinal colic 


a spastic and irritable colon ®@ ileitis @ esophagea) spasm 
be G.I. symptoms of anxiety states 

Formula: 
Miltown® (meprobamate) 
400 mg. (2-methyl-2-n- 

propyl-1, 3-propanediol 
dicarbamate) 
a U. S. Patent 2,724,720 

‘ tridihexethy] iodide 25 mg. 

(3-diethylamino-1-cyclohexy)- 

1 - phenyl - 1 - propanol-ethiodide) 


U. Patent 2,698,325, 


WALLACE LABORATORIES New Brunswick, N. J. _Literature and samples on request 
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Cardiac Involvement in Coccidioidomycosis . Myron G. CHAPMAN AND LEO KapLan 87 


A report, well documented with clinical and pathologic data, of proved coccidioidomycosis of the 
heart, chiefly involving the pericardium. Apart from its intrinsic interest, this report will serve as a 
reminder of the ubiquitous spread of the disease in its disseminated form and of the fact that the 
infective areas of coccidioidomycosis are no longer restricted to the two celebrated valleys. 


Hydatid Disease in Alaska. . . . . . . +. +. + .THoMASR. A. Davis 99 
An interesting ecologic and epidemiologic study of echinococcosis in Alaska, with implications of ee 
considerable interest for other infected areas. ei 
Review 
Temporal Lobe Epilepsy: Brief Review. Responses on Electrical Stimulation of the ‘ : 
Amygdaloid Region in Six Patients ae 


WILLIAM P. CHAPMAN, MaDAN M. Sincu, Heinz R. SCHROEDER 
AND CHARLES 107 


The subject of temporal lobe epilepsy, herein reviewed and illustrated by six case reports, should be 
more familiar to the physician because it is a not uncommon form of epilepsy, is usually resistant to 
anticonvulsive medication, and is frequently associated with personality disorders. The present 
study is of interest particularly because electrical stimulation of the amygdala in the six cases de- 
scribed quite faithfully reproduced the manifestations of temporal epilepsy, even to oddities of Decay 
aura and behavior in individual instances. Coagulation of the amygdaloid region by means of im- Sa 
planted electrodes is proposed in treatment. 


Seminar on Atherosclerosis 
Current Concepts of Lipide Metabolism . . . . . . . .D.B.Zitversmir 120 


In order to provide a vantage point for consideration of current concepts of atherogenesis, Dr. 
Zilversmit has undertaken the enormous task of summarizing and integrating the large and some- 
times controversial recent literature on lipide metabolism. He begins with ani account of the . 
extraordinary advances in knowledge of the steps in biosynthesis of the lipides, notably, choles- ra) ae 
terol, and in the intermediary metabolism of these compounds. Then comes a broad discussion Se a 
of the metabolic characteristics of lipide deposits, including atheromas, fatty liver and adipose Beh 
tissue. The absorption and transport of lipides are next considered, with notable chapters on such eee 
aspects of clinical interest as the hyperliperaias and the role of clearing factor. Comprehensive and Fans 
current, the experimental results thoroughly sifted by one expert in the field, this review is well (ees 
worth careful study for perspective in evaluating the special aspects of atherosclerosis which will be | 
the subjects of subsequent papers of this series. im me 


Conference on Therapy bar's 
Conference on Therapy (Cornell University Medical College)—This conference is required read- ‘es f 

ing. It deals with those elementary facts of variation in biologic response which are so often lost eee 
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sight of in the administration of therapeutic or diagnostic agents, sometimes with disastrous results. We 
The dangers multiply as the number and potency of the agents employed increases, a pertinent 
point in this age of renascent polypharmacy. 


Clinico-pathologic Conference 


Dysproportionate Dyspnea in Recurrent Cardiac Insufficiency . . . . . . 142 Fat 


Clinico-pathologic Conference (Washington University School of Medicine) 


Case Reports i= 


Skin-covered Mediastinal Teratoma Simulating a Fetal Parasite. A Review of Medi- gen 
astinal Teratogenesis 
J. WinTHROP PEABopy, JR., LAWRENCE H. StruG AND Howarp A: BUECHNER 153 


The case described, of a benign skin-covered mediastinal teratoma successfully removed, is of 
unusual interest and is followed by an engrossing account of teratoid tumors, which make up a 
significant proportion of tumors of the anterior mediastinum. The authors hold that, all benign 
teratomas being potentially malignant, surgical excision is always indicated, and without undue 
delay. 
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Am. Pract. & Digest. Treat. 
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TCS respond | 


for “effective control of allergic symptoms 
with little risk of sedation’’* 
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Serpasil is one of the safest, 

least toxic and most effective agents 
in general practice. Side effects, 
usually mild, are characteristic 

of all rauwolfia preparations. 

They may, however, be less troublesome 
than those caused by the whole 
rauwolfia root, which contains 
unevaluated constituents as well 

as reserpine. Complete information 
furnished on request. 
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The American Journal of Medicine, Inc. 
49 West 45th Street, New York 36, N. Y. 
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The American Journal of Medicine for 
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Zone. .... Sente..... thors who have appeared im the journal 
(New York City residents, add 3% sales tax) during the past ten years. 
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for the 
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: first in hypertension 


f Ser asil Alone, reduces blood pressure, slowly and 
@) safely, in about 70 per cent of mild to moderate 
cases.' As a “primer,” Serpasil can advanta- 

geously be used to begin therapy, however 

in ever d a severe the case, to adjust the patient to the 
y y physiologic setting of lower pressure. As a 

“background” agent throughout other therapy, 

Serpasil permits lower dosage of more potent 

agents, thus minimizing side effects. Average 


p r a ctice Dose: two 0.25-mg. tablets daily for one week, 


then maintenance on 0.25 mg. or less daily. 


— 
a” 1. Coan, J. P., McAlpine, J. C., and Boone, J. A.: J. South Carolina M. A. 51:417 
(Dec.) 1955. 
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actually sets up a “stress barrier” against iat he 
anxiety and tension these patients would other- 

wise find intolerable. Average Dose: 0.1 mg. to 

0.5 mg. (two 0.25-mg. tablets) daily. “ 


Although it is a first choice in hypertension, 
Serpasil does not significantly lower blood 
pressure in normotensive patients. 


SUPPLIED: 
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0.1 mg. to 0.5 mg. (two 0.25-mg. tablets) daily. 
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Serpasil relieves drink-inducing tension 
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and 16-ounce packages. A palatable preparation of 
highly water-absorbent material from plantago. 
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or nasal stuffiness 


® orally effective within 
30 minutes for a period of 
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Miltown 


tranquilizer with muscle-relaxant action 
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200 mg. sugar-coated tablets 
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400 mg. tablets t.i.d. 


Literature and samples available on request 


watiace LABORATORIES 
New Brunswick, N. J. 


1 | 
: 
<. 4 
3 
| 
=. 
oes 
: ANO 


a Ws 


new, lifesaving 


brand of nitrofurantoin 


Intravenous Solution 
for severe inteetions 


@ in bacteremia, perit6nit 
other bacterial infections as 
of postoperative wounds, and 
abscesses, when the organism 


is susceptible to Furadantin 


in severe genitourinary tract 
infections when the patient is 


unable to take Furadantin per os 


ais 


g 
bes 
4 
ARS 
? 
often rapidly effective 
- 
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OFFICE OF THE MEDICAL DIRECTOR 


Dear Doctor: 


For your postoperative or severely ill patients 
unable to take antibacterial medication by mouth, 
Eaton Laboratories announces the availability of 
FURADANTIN INTRAVENOUS SOLUTION. 


Furadantin I.V. is proving highly effective in 
refractory bacterial infections such as bacteremia 
and peritonitis, and other bacterial infections as 
of postoperative wounds and abscesses, when the 
organism is susceptible to Furadantin. In addition, 
Furadantin I.V. provides an important alternate 
route of administration for treating genitourinary 
tract infections in patients unable to take 
medication by mouth. 


The results of clinical studies indicate that 
Furadantin Intravenous Solution should be tried 

in certain bacterial infections, refractory to other 
medicaments, when caused by organisms sensitive to 
Furadantin. In 75 extra-urinary tract infections 
including bacteremia, peritonitis, pneumonia, 
osteomyelitis and abscesses, 34% were cured with 
Furadantin Intravenous Solution, and an additional 
45% were significantly improved. 


Side reactions similar to those with oral Furadantin 
have been encountered, but no serious side effects 
have been observed in either adults or children. 


Furadantin Intravenous Solution not only fills a 
long-felt need in the treatment of refractory urinary 
tract infections, but offers new hope in selected, 
severe systemic infections; even in those which have 
failed to respond to all other drugs. We are confident 
that Furadantin I.V. will play an important role in 
the treatment of your hospitalized patients with 
severe infections. 

Sincerely, 


Paul F. MacLeod, M.D. 
Medical Director 
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FURADANTIN 


FURADANTIN I.V. in severe urinary tract infections 
No. Cases Cured Improved Failed 
71 37 (82%) 28 (39%) 6 (8%) 
FURADANTIN I.V. in extra-urinary tract infections 
No. Cases Cured Improved Failed 


Peritonitis 6 3 (50%) 2 (33%) 1 (16%) 

Bacteremia 23 12 (52%) 6 (26%) 5 (22%) 
Postoperative 

Wound Infection 18 4 (22%) 11 (61%) 3 (16%) 


Others (pneumonia, 
meningitis, osteomyelitis, 
otitis media, etc.) 28 7 (28%) 15 (53%) 6 (21%) 


Total 75 26 (34%) 34 (45%) 15 (20%) 
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In the following representative cases of urinary tract and extra-uwrinary 
tract infections—cases ranging from “severe” to “hopeless” —intrave- 
nous administration of Furadantin achieved clinical and bacteriologic 
cure or marked improvement in a high percentage. Often, a wide variety 
of antibiotics and sulfonamides had failed to control the infection. 


Case Summaries 


Sex; Age; 
Disease Treated 


M; chronic cystitis, 
pyelonephritis 


F; chronic pyuria 
with fever 


F; 39; 
pyelonephritis 


M; 79; 
bacteremia 


F; pyuria, 
probable bacteremia 


q 


M;; pyelitis, probable 
bacteremia, chills 


Bacteremia 


Causative 
Bacterium 


Ps. aeruginosa 
in urine 


E. coli 
in urine 


Ps. aeruginosa 
in urine 


E. coli 
in urine 


A. aerogenes 
in urine. Blood 
culture—neg. 


E. coli, Ps. 
aeruginosa 


Blood culture 
positive 


Coexisting 
Disorder 


Staghorn calculus, 
right 


Post-transurethral 
resection 


Post-panhysterectomy 


Bilateral 
renal calculi 


Psychosis 
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Furadantin 1.V. 
Dosage 


180 mg. daily, 
3 days 


180 mg. daily, 
4 days 


60 mg. q. 8 h., 
3 days 


360 mg. q. 8 h. 
for 3 doses, then 
180 mg. b.i.d., 2 
days 


180 mg. b.i.d., 
3% days 


180 mg. q.i.d., 
5 days 


180 mg. daily, 
2 days 


Result of 
Treatment 


Cured 


Cured 


Cured 


Cured 


Cured 


Cured 


Inconclusive, 
blood culture 
negative 


Remarks 


Resistant to broad spectrum antibiotics and 
sulfonamides. In 3 days, afebrile; urinary frequency, 
urgency gone, urine culture negative. 


Resistant to penicillin and sulfonamides. In 4 days, 
“afebrile and infection cleared,” urine culture negative. 


Organism resistant in vitro to Furadantin. Changed 
to oral form after 3 days on I.V. 


36 hours post-op.temp. 106.4°. Remission of fever 16 
hours after starting Furadantin I.V. Negative 
urine culture in 5 days. 


Antibiotics for 2 weeks. Added oral Furadantin 4 days. 
Patient semi-comatose when Furadantin I.V. started. 
Afebrile in 24 hours. Urine culture sterile at 14th day. 


When Furadantin I.V. started temp. 104°. In 24 hours, 
temp. 99°. Previous treatment included penicillin, 
streptomycin and sulfonamide for 5 days each. Patient 
discharged on oral Furadantin for 5 days. Returned 
to clinic with negative urine. 


“Patient had been resistant to penicillin and streptomycin.” 
Chlortetracycline given intercurrently with Furadantin I.V. 
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Sex; Age; 
Disease Treated 


M; empyema and 
post-surgical wound 
infection 


M; 75; acute 
pyelonephritis 


F; 77; cystitis, 
atypical pneumonia 


F; furunculosis 


M; 62; recurrent 
gross hematuria, 
pyuria 


F; 69; peritonitis, 
bacteremia 


M; 28; peritonitis, 
bacteremia 


M; 76; pyelonephritis, 


cystitis 


3 weeks old infant; 
rmcningitis 


Causative 
Bacterium 


Pseudomonas sp. 


None isolated 
from blood or 
urine but gross 
pus in urine 


(Not stated) 


M. pyogenes 
var. aureus 


E. coli in 
peritoneal 
fluid. Proteus 
sp. in blood 


Proteus sp. 
in peritoneal 
fluid and blood 


Proteus sp., 
A. aerogenes 
in urine 


E. coli in 
spinal fluid 
and urine 


Coexisting 
Disorder 


Pulmonary TB, 


pneumonectomy 


Prostatectomy 
month before 


Diabetes mellitus 


Post-pyelonephritis 


Benign hypertrophic 
prostate 


Cancer of colon 
with perforation, 
resection 


Ulcerative colitis, 
obstruction at ileostomy 
and perforation of small 
intestine. Resection of 
perforation and revised 
ileostomy. Shock 


Bilateral renal 
calculi, uremia 
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Furadantin |.V. 
Dosage 


180 mg. daily, 
3 days 


180 mg. b.i.d., 
2 days 


180 mg. daily, 
3 days 


180 mg. daily, 
3 days 


180 mg. daily, 
3 days 


600 mg. daily, 
4 days 


600 mg. daily, 
5 days 


240 mg. daily, 
4 days 


3.3 mg./Kg. 
q. 12 h. 
for 5 doses 


Result of 
Treatment 


Improved 


Cured 


Cured 


Markedly 


improved 


Improved 


Cured 


Cured 


Cured 


Cured 


Remarks 


Previous streptomycin and INAH, pneumonectomy. 
Empyema and wound infection with Pseudomonas. 
After Furadantin I.V. temp. normal, wound improved. ge 
Continued on oral Furadantin. ates 


Temp. 103° reduced to normal, urine clear and patient 
discharged in 2 days. “. .. without Furadantin 
I.V.... probably would have died.” 


Penicillin-dihydrostreptomycin 5 days previous. Temp. 
104.4° to normal 24 hours after Furadantin I.V. instituted. 


Continued elevation in temp. (100-101°) for 10 weeks 

in spite of intensive antibiotic therapy. Temp. 
dropped slowly to normal on Furadantin I.V. and ae 
no new furuncles developed. te 


Previous sulfonamide treatment 7 days. Bacterium 

resistant to all tested drugs, slightly sensitive to Res 
Furadantin. Temp. normal in 3 days. Followed with oral rita ne 
Furadantin 6 days. TUR following day. Uneventful post-op. oa 


Sensitive to chloramphenicol and Furadantin. Furadantin 
blood level 6-12.5 gamma/cc. Temp. subsided in 24 

hours. Culture sterile in 4 days and no drainage. Patient 
discharged in 2 weeks. 


Sensitive to chloramphenicol and Furadantin. Furadantin 
blood level 12.6 to 14.2 gamma/cc. 


Oral Furadantin ineffective. With Furadantin I.V., cultures eh 
became sterile. Furadantin blood levels 2.9 to 6.2 gamma/cc. ete 


Fever 2 days. Received antibiotics and sulfonamides. 
Temp. 103° became normal in 16 hours following 
institution of Furadantin 1.V. and remained so for 
duration of hospitalization. 
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FURADANTIN Intravenous Solution 


DOSAGE AND ADMINISTRATION: Furadantin Intravenous Solution contains 
0.6% Furadantin, dissolved in polyethylene glycol 300. Each 10 cc. ampule con- 
tains 60 mg. of Furadantin. The solution is sterile and must be dissolved aseptically 


in a sterile diluent prior to use. 


The recommended diluent is 5% dextrose solution. Furadantin Intravenous Solu- 
tion is compatible with normal saline and % M sodium lactate solutions, but these 
should be used only when definitely indicated because of the possibility of further 
disturbing an already upset electrolytic balance. Administer as an intravenous drip 
at a rate indicated for the patient’s general condition and age. The suggested 
dosage is 5 to 7 mg. per Kg. body weight (2.2 to 3.1 mg./lb.) per 24 hours in 2 
divided doses. The single dose of Furadantin Intravenous Solution for the average 
adult is 30 cc. (3 ampules or 180 mg.) in at least 500 cc. of diluent. If tolerated, 
this is repeated so that 2 such doses (360 mg.) are given over 24 hours and con- 
tinued for 7 days, if necessary: Following are average dosage schedules: 


Weight of Patient Size of Single Dose Minimal Amount of Diluent 
120 lbs. or over (54 Kg.) | 30 cc. (3 amp.) = 180 mg. | 500.cc. 


80 to 120 Ibs. (36-54 Kg.) | 20 cc. (2 amp.) = 120 mg. | 350 cc. 
40 to 80 Ibs. (18-36 Kg.) | 10 cc. (1 amp.) = 60 mg. 175 ce. 


In urinary tract infections, the intravenous form may be replaced by the oral 
dosage form of Furadantin when sufficient improvement has resulted and patient 
can take medication orally. 


SIDE REACTIONS: Nausea or emesis may occur occasionally. These are often 
minimized by a decrease in dose rate. Sensitization occurs rarely in the form of 
urticaria or an erythematous, maculopapular rash. This may be controlled by dis- 
continuing treatment immediately and employing the usual measures such as 
epinephrine, antihistaminics or adrenocorticosteroids. Occasionally patients may 
show minor side reactions such as headache or malaise. No stomatitis, colitis, 
proctitis, anal pruritus, monilial superinfection, staphylococcic enteritis or renal, 
hepatic or hemic toxicity have been reported. 


With intravenous administration, it is important to be alert to the possibility of 
central nervous system effects such as muscular twitching or spasticity. Should 
this occur, calcium gluconate should be administered intravenously and Furadantin 
discontinued. Adequate amounts of vitamin B complex and vitamin C should be 
supplied to the patient on intravenous Furadantin therapy. 


SUPPLIED: Sterile 10 cc. ampules (60 mg. Furadantin each), box of 12. 


moOTe: Furadantin Sensi-Discs (100 mcg.) for sensitivity testing are available 
from the Baltimore Biological Laboratories. Materials and instructions for serial- 
tube dilution tests may be obtained from the Medical Director of Eaton Labora- 
tories. To simplify sensitivity testing with Furadantin and to provide maximum 
reproducibility and reliability, Eaton Laboratories has prepared a new booklet, 
“Bacterial Sensitivity Testing with Furadantin and Furacin,” copies of which may 
also be obtained by writing to the Medical Director. 


For oral adminietration in the treatment of genitourinary tract infections: 
Furadantin tablets, 50 and 100 mg.; Furadantin Oral Suspension, 25 mg. per 5cc. tsp. 


NITROFURANS~—a new class of antimicrobials—neither antibiotics nor sulfonamides 


PRODUCTS OF EATON RESEARCH—EATON LABORATORIES, NORWICH, N. Y. 
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combines Meprobamate (400 mz.): 


Widely prescribed tranquilizer-muscle relaxant. Effectiveness 

in anxiety and tension states clinically demonstrated in millions of patients. 
Meprobamate acts only on the central nervous system, Does not increase 
gastric acid secretion. It has no known contraindications, can be used 

over long periods of time.!2.3 


with Pathilon (25 mg.): 


An anticholinergic noted for its extremely low toxicity and high 
effectiveness in the treatment of G.I. tract disorders. In a comparative 
evaluation of currently employed anticholinergic drugs, 

PATHILON ranked high in clinical results, with few side effects, 
minimal complications, and few recurrences.‘ 


Now... with PATHIBAMATE...you can control disorders of the 
a digestive tract and the “emotional overlay’’ so often associated with 


4 
_ their origin and perpetuatwn...without fear of barbiturate 
: loginess, hangover or addiction. Among the conditions which have 


shown dramatic response to PATHIBAMATE therapy: 


DUODENAL ULCER + GASTRIC ULCER *« INTESTINAL COLIC 
. SPASTIC AND IRRITABLE COLON « ILEITIS * ESOPHAGEAL SPASM 
ANXIETY NEUROSIS WITH G.I. SYMPTOMS + GASTRIC HYPERMOTILITY 
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Comments on PATHIBAMATE from clinical investigators 


References : 1. Borrus, J. C.: M. Clin. North America, 

In press, 1957. 2. Gillette, H. E.: Internat. Rec. Med. & G. P. 
Clin. 169:453, 1956. 3. Pennington, V. M.: J.A.M.A., 

In press, 1957. 4. Cayer, D.: Prolonged Anticholinergic 
Therapy of Duodenal Ulcer. Am. J. Dig. Dis. 1:301-309 
(July) 1956. 5. McGlone, F. B.: Personal Communication to 
Lederle Laboratories. 6. Texter, E. C., Jr.: Personal 
Communication to Lederle Laboratories. 7. Bauer, H. G. 
and McGavack, T. H.: Personal Communication 

to Lederle Laboratories. 


Supplied: Botties of 100 and 1000 


Administration and Dosage: 1 tablet three times a day 


at mealtimes and 2 tablets at bedtime. Full 
information on PATHIBAMATE available on request, 
or see your local Lederle representative. 


e “I find it easy to keep patients using the drug 
continuously and faithfully. I feel sure this is due 
to the desirable effect of the tranquilizing drug.”> 


e “The results in several people who were pre- 
viously on belladonna-phenobarbital prepara- 
tions are particularly interesting. Several peeple 
volunteered that they felt a great deal better on 
the present medication and noted less of the 
loginess associated with barbiturate administra- 
tion.””® 


ePATHIBAMATE ...“will favorably influence a 
majority of subjects suffering from various forms 
of gastrointestinal neurosis in which spasmodic 
manifestations and nervous tension are major 
clinical symptoms.”? 


e “In the patients with functional disturbances of 
the colon with a high emotional overlay, this has 
been to date a most effective drug.”5 
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(brand of hydrochloride) 


*,..a highly effective and safe appetite suppressant...” 


Based on clinical reports, PRELUDIN produces more than twice the weight loss 
achieved by patients receiving a placebo.? It is singularly free of tendency to 
produce serious side actions, as well as stimulation.’? PReELUDIN imparts a 
feeling of well-being that encourages the patient to cooperate willingly in 
treatment.'3 


The reduced incidence of side actions with PRELUDIN makes losing weight more 
comfortable for the average patient, facilitates treatment of the complicated 
case and frequently permits its use where other anorexiants are not tolerated.3 


Recommended Dosage: One tablet two to three times daily one hour before 
meals. Occasionally smaller dosage suffices. On theoretical grounds, PRELUDIN 
should not be given to patients with severe hypertension, thyrotoxicosis or 
acute coronary disease. 


(1) Holt, J. O. S., Jr.: Dallas Med. J. 42: 497, 1956. (2) Gelvin, E. P.; McGavack, T. H., and Kenigsberg, S.: 
Am. J. Digest. Dis. 1:155, 1956. (3) Natenshon, A. L.: Am. Pract. & Digest Treat. 7:1456, 1956. 


Pre.uoin® (brand of phenmetrazine hydrochloride). Scored, square, pink tablets of 25 mg. Under license from 
C. H. Boehringer Sohn, Ingelheim. 
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M.D.: Mr. R. A. has left home! 
Gone back to job; arthritic pain 
and restriction of activity 1m- a 
rful medicine you Rx a. 
Gratefully, WIFE. 


brand of prednisolone 
Most active anti-rheumatic, anti-allergic, anti-inflammatory Bc 


corticoid. White, scored 5 mg. tablets (bottles of 20 and 100) 
and pink, scored 1 mg. tablets (bottles of 100). 


PFIZER LABORATORIES Division, Chas. Pfizer & Co., Inc. Brooklyn 6, New York : i 5 
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NEW SANBORN 


MODEL 300 


VISETTE 


electrocardiograph 


»«. full diagnostic accuracy 


rowing use of the ECG in cardiovascu- 

lar work means more locations in which 
*cardiograms are being run: in your office 
...at your patient’s home... in hospital 
heart stations, laboratories, wards. This im- 
mediately focuses attention on instrument 
portability—and the obvious value of the 
new Sanborn Model 300 VISETTE. 

For the first time—in “brief case” size— 
is everything needed to take a ’cardiogram 
of full clinical accuracy. This remarkable 
new transistorized direct writer incorporates 
all the best features of earlier Sanborn in- 
struments developed over the past 33 years 
— plus extremely light weight (18 pounds) 
and small size (12%” x 10%” x 5%") made 
possible by original design and modern 
electronic components. New in the “300”, 


too, are such operating advantages as fully 
automatic, “one hand” Instomatic action; 
automatic “push button” grounding; even 
simpler chart loading; and interlock switch 
to prevent closing cover with power on. 
The doctor with the active cardiac 
practice will particularly appreciate these 
VISETTE features; but wherever this mod- 
ern ECG is used, “convenience” will be the 
characteristic by-word. Ask your Sanborn 
Representative for full VISETTE informa- 
tion, and a demonstration in your office, of 
this modern, moderately priced instrument. 
The established Sanborn Model 51 
Viso-Cardiette is still available fur those 
who prefer a larger, heavier (34 lbs.) instru- 
ment—$785, delivered. 
18 Ibs. 


TRANSISTORIZED - 


SANBORN COMPAN Y 


175 WYMAN STREET, WALTHAM 54, MASS. 
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Orientation Therapy...to remove the psychogenic 
onal stress complicates 
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Give your patient the advantage of extra relief from anxiety i ell as 

the physical and mental benefits of ““Premartr: 
“p = f ‘ Meprobamate reduces tension, lessens irri- 
Premarin” is specific for ea eviation of symptomgyg ity rest lesstites! 
general metabolism, stabilizes the vasomotor Ful sléep and generali: veldxation. 
cular relaxation, relieves anxiety and apprehension, and promotes normal sleeping habit. 

treat the bess 


Suggested dosage: One tablet three times daily in 2 


Dosage should be adjusted to individual requiremerR@marin” supplements declining en 
nous estrogen levels and provides prompt 


Supplied: Each tablet contains 0.4 mg. conjugated atl Pelle? SF proms 
a gratifying “sense of well being. 


meprobamate, available in bottles of 60 and 500 ta 


| NEW | 


UStrogens (equine) with Meprobamate 


laboratories New York, N. Y. Montreal, Canada 
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NEW SANBORN 


MODEL 300 


VISETTE 


electrocardiograph 


».. full diagnostic accuracy 


rowing use of the ECG in cardiovascu- 

lar work means more locations in which 
*cardiograms are being run: in your office 
...at your patient’s home. .. in hospital 
heart stations, laboratories, wards. This im- 
mediately focuses attention on instrument 
portability—and the obvious value of the 
new Sanborn Model 300 VISETTE. 

For the first time —in “brief case” size— 
is everything needed to take a ’cardiogram 
of full clinical accuracy. This remarkable 
new (transistorized direct writer incorporates 
all the best features of earlier Sanborn in- 
struments developed over the past 33 years 
— plus extremely light weight (18 pounds) 
and small size (12% x 10'2" x 5%") made 
possible by original design and modern 
electronic components. New in the “300”, 


SANBORN COMPANY 


175 WYMAN STREET, WALTHAM 54, MASS. 


in “‘brief case’”’ size 


too, are such operating advantages as fully 
automatic, “one hand” Instomatic action; 
automatic “push button” grounding; evex 
simpler chart loading; and interlock switch 
to prevent closing cover with power on. 
The doctor with the active cardiac 
practice will particularly appreciate these 
VISETTE features; but wherever this mod- 
ern ECG is used, “convenience” will be the 
characteristic by-word. Ask your Sanborn 
Representative for full VISETTE informa- 
tion, and a demonstration in your office, of 
this modern, moderately priced instrument. 
The established Sanborn Model 51 
Viso-Cardiette is still available for those 
who prefer a larger, heavier (34 lbs.) instru- 
ment— $785, delivered. 
18 Ibs. © 
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Orientation Therapy...to remove the psychogenic 
overlay when unusual emotional stress complicates 
the menopausal picture 


To remove the psychogenic overlay . . . 


Meprobamate reduces tension, lessens irri- 
tability and restlessness, promotes more rest- 
ful sleep and generalized muscle relaxation. 
{Borrus, J. C. P.: J.A.M.A. 157:1596 (Apr. 30) 1955.] 


To treat the basic estrogen deficiency . . 


“Premarin” supplements declining ati 
nous estrogen levels and provides prompt 


symptomatic relief of distressing symptoms 
plus a gratifying “sense of well being.” 
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Give your patient the advantage of extra relief from anxiety and tension as well as 
the physical and mental benefits of “Premarin.” 

“Premarin” is specific for the alleviation of symptoms of declining ovarian function. It improves 
general metabolism, stabilizes the vasomotor system, and imparts an added “sense of well 
being.”” Meprobamate, through a selective action on the central nervous system, promotes mus- 
cular relaxation, relieves anxiety and apprehension, and promotes normal sleeping habit. 


Suggested dosage: One tablet three times daily in 21 day courses with a rest period of one week. 
Dosage should be adjusted to individual requirements. 


Supplied: Each tablet contains 0.4 mg. conjugated estrogens equine (“Premarin”) and 400 mg. 
meprobamate, available in bottles of 60 and 500 tablets. 


NEW 


MEPROBAMATE 


Conjugated Estrogens (equine) with Meprobamate 


Ayerst Laboratories -*- New York, N. Y. + Montreal, Canada 
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Oatmeal 


IN DIETARY MANAGEMENT, 

virtually regardless of the 
\ adjustment to be made, 
oatmeal proves remark- 
ably valuable. It is low in 
sodium, low in purines, 
low in inert residue, high 
in protein, notable for its 
vitamin and mineral con- 
tent, yet not excessive in 


calories. 


The Quaker Oats @mpany 


Carbohydrate 


7 


CHICAGO 


One of the distinguishing characteristics of oats 
is its relatively lower content of carbohydrate 
and its higher content of protein, when compared 
with other whole-grain cereals.' An important 
feature of the carbohydrate of oatmeal is its 
mode of utilization by the body. 


Because it consists mainly of slowly available 
polysaccharides with relatively minor amounts 
of dextrins and simple sugars, the carbohydrate 
of oatmeal does not tend to cause a sudden, 
sharp increase in blood sugar. Instead, the com- 
plex carbohydrate molecules gradually release 
glucose into the blood stream and thus provide 
energy on a more sustained basis. Oatmeal is 
therefore logically recommended as an excellent 
breakfast dish for diabetics.* 


The carbohydrate content of oats is almost 
completely digested and utilized. Cellulose, or 
cellulose-like material, representing only about 2 
per cent of rolled oats in the dry form, provides a 
gelatinous residue which serves advantageously 
as nonirritant bulk in the lower intestine. 


Whether eaten for therapeutic reasons during 
illness or for a good sturdy breakfast every day, 
oatmeal and milk (skim or whole) assures high 
biologic quality protein, vitamins, and essential 
minerals, in addition to ease of nutritional 
utilization. 


Quaker Oats and Mother’s Oats, the two 
brands of oatmeal offered by The Quaker Oats 
Company, are identical. Both brands are avail- 
able in the Quick (cooks in one minute) and the 
Old-Fashioned varieties which are of equal nutri- 
ent value. 

1. Kent-Jones, D.W.: Modern Cereal Chemistry, ed. 3, The North- 

ern Publishing Co., Liverpool (1939). 


2. Heupke, W., and Kolb, A.: Mechanism of the Beneficial Action 
of Alimentation of Oats in Diabetes, Deutsche Ztschr. Verdau- 
ungeskr. 13:111 (1953). 
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A singie injection of this potent new ester 
provides progestational activity for ap- 
proximately 2 weeks, when enough estro- 
gen is presnnt. Vials of 2 and 10 cc., each 
ce. providing 125 mg.. hydroxyprogester- 


A single injection provides potent e ‘ro- 

genic action for 2 to 3 weeks, approximnat- 

ing the estrogenic phase of the norinal 

ovarian cycle. Viais of 1 and 5 cc., each 

ce. providing 10 mg. estradiol valerate. 


A single injection provides potent ena- 
bolic and androgenic action for 3 to 4 
weeks. Vials of 1 and & cc., each cc. pro 
viding 200 mg. testosterone enanthate. 


Squibo Estradio! Velurate 


A single injection of this precisely bal- 
anced tuat-hormone formulation provides 
sustained and integrated anabolic and 
hormorie homeostatic action for 3 to 4 
weeks. Vials of 1 and $ cc., each cc. pro- 


viding 9O mg, testosterone enanthate and 


oriacutin®, ocresteocen®, occatesten®, 
AND DELAOUMONE® ARE SQUIBE TRADEMARKS 
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nictitating membrane of 
unanesthetized dog before 
administration of Ecolid 


6 


hypertension 

dramatic 
response 


membrane of same dog eight 
hours after administration of 
2 mg./kg. Ecolid shows dramatic 
ganglionic blocking effect? 


Potent, orally and parenterally effective ganglionic blocking agent, 
FCO id ‘hes dramatically reversed the course of severe 
hypertension in some patients, and has prolonged their lives. It 

produces a longer lasting, smoother and more consistent and predictable 
response than either pentolinium or hexamethonium. However, as 

with all ganglionic blocking agents, the patient must be carefully 
managed. Before instituting treatment with FCO | j it is 

advised that the physician be thoroughly familiar with this drug’s effects 
as well as side effects. Complete literature may be obtained from the 


Medical Service Division, CIBA, Summit, New Jersey. 


SUPPLIED: tasLets (Rotocotes), 10 mg. (orange), 25 mg. (ivory) 

and 50 mg. (pink). PARENTERAL SOLUTION: Ampuls, 1 ml., 5 mg. per ml. 
ECO! chloride (chlorisondamine chloride CIBA) 

ROT( Suits® (compressed, dry-coated tablets CIBA) 


C | B A 1. Plummer, A.J., Trapold, J.H., Schneider, J.A., Maxwell, R.A., and a : 
SUMMIT, WN J. 2/2451MK Earl, A.E.: J. Pharmacol. & Exper. Therap. 115:172 (Oct.) 1955. : 
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Against Pathogen & Pain 
in urinary tract infections 


Azo Gantrisin combines the single, soluble ‘ 
sulfonamide, Gantrisin, with a time-tested 
urinary analgesic - in a single tablet. 


Prompt relief of pain and other discomfort is 
provided together with the wide-spectrum 
antibacterial effectiveness of Gantrisin which 
achieves both high urinary and plasma levels so 
important in both ascending and descending 


urinary tract infections. 
Each Azo Gantrisin tablet contains 0.5 Gm Gantrisin ‘Roche’ plus 50 mg 


phenylazo-diamino-pyridine HCl. Gentrisin® - brand of sulfisoxazole 


Original Research in Medicine and Chemistry 
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PARKE, DAVi 


Beginning July 1957 THE AMERICAN JOURNAL OF MEDICINE Presents 
SEMINAR ON ATHEROSCLEROSIS 


July—Cholesterol 
Metabolism 


Dr. DonaALpD ZILVERSMIT 
University of Tennessee 
Dept. of Physiology 
Memphis, Tenn. 


August—Serum Lipoproteins and Their 
Relation to Atherosclerosis 


Dr. Howarp A. EDER 
Albert Einstein Medical Center 
Bronx, N. Y. 


September—Epidemiology of Athero- 
sclerosis 


Dr. GEORGE MANN 
200 Oakland Street 
Wellesley Hill, Mass. 


5. 


and Phospholipid 4. October—Genetic Aspects of Athero- 


sclerosis 


Dr. Epwin O. WHEELER 
Massachusetts General Hospital 
Boston, Mass. 


November—Hormonal Influences on 
Serum Lipids 


Dr. Davin ADLERSBERG 
The Mount Sinai Hospital 
New York, N. Y. 


December—Effects of Various Dietary 
Fats on Serum Lipids 


Dr. Epwarp H. AHRENS 
Rockefeller Institute 
New York, N. Y. 


THE AMERICAN JOURNAL OF MEDICINE 


49 West 45th Street 


New York 36, New York 
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Orinase 
Prescription | 
| 

| 

| 


Information 


‘ Dosage: Patients responsive to Orinase 
may begin therapy as follows: 


First day | 
000083) 
Second day 
| 
Third day | 
1 Gm. 
Usual maintenance dose 1 Gm. | 
. (must be adjusted to patient’s response) l bl 
To change from insulin to Orinase: | NOW ad eee 
If previous insulin dosage was | 
less than | 
. 40 u./day . . . reduce insulin 30% to 
50% immediately; | 
gradually reduce insulin 
dose if response to | 
Orinase is observed. 
more than | 
40 u./day . . . reduce insulin 20% | 
immediately; carefully 
reduce insulin beyond | 
this point if response to J 
Orinase is observed. | 
J In these patients, | 
; hospitalization should be 
: considered during the | 


transition period. 
: Caution: During the initial “test” period | 


7 (not more than 5 to 7 days), the patient | 
FS should test his urine for sugar and 
a ketone bodies three times daily and | 
a“ report to his physician daily. For the first 
- month, he should report at least once | 
- weekly for physical examination, blood 
sugar determination, and white cell | 
; count (with differential count, if 
# indicated). After the first month, the | 
“ patient should be seen at least once a | 
= month, and the above studies carried out. P 
7 It is especially important that the patient, | 
% because of the simplicity and ease of 
< administration of Orinase, does not | 
develop a careless attitude (‘“cheating” | 
Aa on his diet, for example) which may 
result in serious consequences and | 
failure of treatment. 
F ? Supplied: In 0.5 Gm. scored tablets, | 
; bottles of 50. | 
; Complete literature available on request. 2 
* THE UPJOHN COMPANY | 
“ KALAMAZOO, MICHIGAN | save 
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Upjohn 


the new antidiabetic agent 


Used investigationally in more than 


Ready for your prescription now. Orinase is now 
available in all leading prescription pharmacies. 
But please, before you prescribe this exciting 
new drug, be sure you understand its limitations. 


Indications. Orinase is most likely to benefit the 
patient in whom the diabetes is relatively mild 
and stable, is not adequately controlled by die- 
tary restrictions alone, and developed sometime 
after the age of 30 years. 


Contraindications. Orinase is contraindicated in 
patients with 1) diabetes of the types known vari- 
ously as juvenile, growth-onset, unstable, or 
brittle; 2) a history of diabetic coma; 3) diabetes 
complicated by ketosis, acidosis, coma, fever, 
severe trauma, gangrene, Raynaud’s disease, or 
serious impairment of renal or thyroid function; 
4) hepatic dysfunction; and 5) diabetes ade- 
quately controlled by dietary restriction. 


Effects. In patients with a satisfactory response 
to Orinase, the blood sugar falls, glycosuria 
diminishes, and such symptoms as pruritus, poly- 
uria, and polyphagia disappear. It is not a sub- 
stitute for insulin. And it requires the same ad- 
herence to basic principles of diabetes control as 
does insulin, e.g., dietary regulation; tests for 
glycosuria and ketonuria; hygiene; exercise; in- 


18,000 patients! 


(Tolbutamide, Upjohn) 


struction of the patient to recognize and counter- 
act impending hypoglycemia, to follow rigidly 
directions regarding diet and continuing use of 
the drug and to report immediately to the phy- 
sician any feeling of illness. Extreme care must 
be taken during the transition period to avoid 
ketosis, acidosis, and coma. 


Side effects. To date, the most serious side effect is 
hypoglycemia, which may occur occasionally and 
is most likely to occur during the transition 
period from insulin to Orinase. Other untoward 
reactions to Orinase are rare, usually of a non- 
serious nature, and tend to disappear on adjust- 
ment of dosage, e.g., gastrointestinal disturb- 
ances, headache, variable allergic skin manifesta- 
tions, and alcohol intolerance. 


Clinical toxicity. Aside from an occasional hypo- 
glycemia, Orinase appears to be remarkably free 
of gross clinical toxicity. There is no evidence of 
crystalluria or other untoward effects on renal 
function, or of hepatotoxicity. Except for a rare 
leukopenia of mild degree, which has been revers- 
ible (in some instances, even under continued 
therapy) , there have been no adverse effects on 
hematopoietic function. 


TRADEMARK, REG. U.S. PAT. OFF, 
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Your restless patients’ sleep problems 
can be managed conservatively 


Squibb Chloral Hydrate 


**The general practitioner likes it...” 
*..can be given to patients of all ages and physical status...” 


**.,.patients with cardiac disease...” 
“,..no proof that it is deleterious to the heart...” 


**The psychiatrist often finds it the agent of choice...” 
“..much less likely to produce mental excitement...” 


**.,.frequently the favorite of the dermatologist ...”’ 
“Skin reactions from it are uncommon...” 


Current Concepts in Therapy: Sedative-Hypnotic Drugs. 

II. Chloral Hydrate. New England J. Med. 255:706 (Oct. 11) 1956. 
adults: 1 or 2 7% gr. capsules or 1 or 2 teaspoonfuls of 

Noctec Solution 15 to 30 minutes before bedtime. 

children: 1 or 2 3%4 gr. capsules or 14 to 1 teaspoonful 

of Noctee Solution 15 to 30 minutes before bedtime. 

7% and 3% gr. capsules, bottles of 100. 

Solution, 744 gr. per 5 cc. tsp., bottles of 1 pint. 


Saquiss 
Squibb Quality —the Priceless Ingredicnt 
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ZIRADRYL 


. 


before 
after 

they put their 
foot in it... 


Cream - Lotion 


Benadryl® Hydrochloride with Zirconium 

- neutralizes toxins of poison ivy and of poison oak 
controls allergic process 

- relieves itching 


ZIRADRYL Cream is supplied in 1-ounce tubes. e 
ZIRADRYL Lotion is supplied in 6-ounce bottles. “ IP: 
= 


PARKE, DAVIS & COMPANY « DETROIT 32, MICHIGAN 


PRACTICAL 
DIET THERAPY 


Aves every physician makes use of nu- 
tritional principles and practice in his 
daily work. This is the point of view 
underlying The American Journal of Clin- 
ical Nutrition which conceives of nutrition 
as an adjunct in the total care of every 
patient. Cutting across arbitrary boun- 
daries of specialties, nutrition is used by 
internist, surgeon, pediatrician and obstetri- 
cian alike. It has been called “the corner- 
stone of preventive medicine, the hand- 
maiden of curative medicine, and the re- 
sponsibility of every physician.” 

As part of our objective of integrating 
modern concepts of nutrition into clinical 
practice, The American Journal of Clinical 
Nutrition features a series of authoritative 
articles in the field of diet therapy. Written 


by eminently qualified experts in the field 
these concise, up-to-date reviews are pre- 
pared for the clinician in practice. The 
series has attracted considerable interest and 
in order to make this conveniently avail- 
able for reference and use the publishers 
have decided to reprint it in a combined 
form. This seminar on practical nutrition 
presents a point of view rarely found in tra- 
ditional textbooks or monographs. A glance 
at the wide gamut of topics listed in the 
table of contents will clearly illustrate the 
point previously made—that nutrition is 
part and parcel of all therapy. This anthol- 
ogy is presented, therefore, as a guide to 
better practice which is, after all, the goal 
of all medical workers. 


80 Pages—12 Charts 
PRICE $2.00 
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Each Multiple Compressed Tablet of Meprotone 
provides the inseparable antiarthritic, antirheumatic 
benefits of: 

1, Prednisolone buffered—the newest and most po- 
tent of the “predni-steroids” for prompt relief of 
joint pain and arrest of the destructive inflammatory 


process. 

2. Meprobamate—the newest and safest of the 
muscle-relaxant tranquilizers for profound relaxa- 
tion of skeletal muscle in spasm. 

Tolerance to this combination is good because there 
is little likelihood of sodium retention, potassium 
depletion or gastric distress with buffered predniso- 
lone, and meprobamate rarely produces significant 
side effects in therapeutic dosage. 

An additional important therapeutic benefit, often 
overlooked, stems from the tranquilizing action of 
meprobamate. This component of MEpROLONE re- 
lieves mental tension and anxiety so often manifest 
in arthritics, making them more amenable to other 
rehabilitation measures. 


INDICATIONS: A wide variety of conditions, in which 
four symptoms predominate: a) inflammation 4) muscle 
spasm ¢) anxiety and tension d@) discomfort and disability; 
i.e., rheumatoid arthritis, rheumatoid spondylitis (Marie- 
Striimpell disease), Still’s disease, psoriatic arthritis, osteo- 


Therapeutic benefits of MEPROLONE compared with traditional antiarthritics. 


"jam | maton | unde | | 
Salicylates 
Muscle relaxants JS1 
Tranqullizers 


Sterolds J 
meprocone | | f | | 


1. Meprobamate is the only tranquilizer with 
muscle-relaxant action. 


arthritis, bursitis, synovitis, tenosynovitis, myositis, fibro- 
sitis, fibromyositis, neuritis, acute and chronic low back 
pain, acute and chronic primary and secondary fibrositis 
and torticollis, intractable asthma, respiratory allergies, 
allergic and inflammatory eye and skin disorders (as main- 
tenance therapy in disseminated lupus erythematosus, 
periarteritis nodosa, dermatomyositis and scleroderma). 


SUPPLIED: Multiple Compressed Tablets in bottles of 
100 in two formulas as follows: Merro.one-1—1.0 mg. 
of prednisolone, 200 mg. of meprobamate and 200 mg. of 
dried aluminum hydroxide gel. MepRoLone-2— provides 
2.0 mg. of prednisolone in the same formula. 
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45 
NO OTHER 


ANTIRHEUMATIC 


PRODUCT 


PROVIDES AS MANY 


BENEFITS AS 


MEPRO 
PREDNISO 


BAMATE 
LONE, buffered ; 


THE ONLY 
ANTIRHEUMATIC, 
ANTIARTHRITIC 
THAT SIMULTANEOUSLY 


RELIEVES: 

1.MUSCLE SPASM 
2.JOINT INFLAMMATION 
3. ANXIETY AND TENSION 


4. DISCOMFORT 


AND DISABILITY 


MERCK SHARP & DOHME 
DIVISION OF MERCK @ CO., INC. PHILADELPHIA 1, PA. ue 


MEPROLONE ws che erade-mart of Merck & Ca, Inc. 
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EASIER CONTROL 
OF SUMMER-TIME 
ALLERGIES 


fl For the quick relief which ACTH 

4 gives in summer-time allergies, 

with minimal inconvenience to your 

| patient, use Cortrophin-Zinc. Its 
k prolonged action permits maximal 
| response in rose fever, poison ivy, 
poison oak, sumac, asthma, and 
other allergic manifestations, with 
fewer injections. Each injection lasts 
at least 24 hours in the most acute 


* cases to 48 and even 72 hours in 
es milder cases. And Cortrophin-Zinc 
ss is easy to use, being an aqueous 
A suspension which requires no 

“ie! preheating and flows easily 

is through a 26-gauge needle. 

= Supplied in 5-cc vials, each cc 

- HAY FEVER containing 40 U.S.P. units of 

; corticotropin adsorbed on zinc 

POISON IVY hydroxide (2.0 mg zinc/cc) 

- POISON OAK OR SUMAC *7.M.—Cortrophin 

; tPatent Pending. Available in other 
. SEASONAL ASTHMA countries as Cortrophine-Z. 

7 ROSE FEV tOrganon brand of Corticotropin- 


Organon 


ORGANON INC. ORANGE, N. J. 
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‘‘...prevention, protection, preserva- 
tion, and the improvement of health - 
...are the principles which if applied = 
prior to advancing age will make that ce 
period healthier and happier.”* 


® 
Kapseals® 


mineral-vitamin-hormone supplement 


prophylaxis for concomitants of aging a 
to promote good health and vitality later 


* vitamins and minerals 
to help maintain cellular function 


* enzymes to aid digestion 
* amino acids to help maintain nitrogen balance 
* steroids to stimulate metabolism 


*Stare, F. J.: Nutritional Problems of Advancing Age, 
Bull. New York Acad. Med. 32:284, 1956. 


PARKE, BAVIS & COMPANY + DETROIT 32, MICHIGAN 
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(brand of Meclizine HCI and Pyridoxine HCl) 


stops morning sickness 
“i ontrolled studies indicate that 
relieves symptoms - 
9 of every 10 gravida. 
Tolerances excellent. 
: Prescribe: One tablet at bedtime. 
/ Severe cases, one tablet at bedtime, 
one on ag n tiny 
tablets} Bettie of 25 and 100. only. 
| 9 if she needs © | 
a nutritiofal buildup—and 
freedom fom leg cramps? 


e-free calcium, iron, 
vitamins, 8 important # 


Phos 
essenti 
Usually:3 tablets daily, with meal 


CHICAGO, ILLINOIS 
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LIPO GANTRISIN 


assures adequate blood levels around-the-clock 
... with only two doses daily 


Description: Lipo Gantrisin provides the wide antibacterial spectrum of Gantrisin 
in a special vehicle. In this free-flowing, readily digestible vegetable oil emul- 
sion the action of the drug is prolonged. With each dose therapeutic blood and 
urine levels of highly soluble Gantrisin are maintained over a period of 
twelve hours. 


Each teaspoonful (5 cc) of Lipo Gantrisin contains the equivalent of 1 Gm of 
Gantrisin. Lipo Gantrisin can be employed without alkalies and without danger 
of renal blocking or secondary fungus growth. 


Indications: Systemic and urinary infections due to streptococci, staphylococci, 
pneumococci, H. influenzae, K. pneumoniae, meningococci, E. coli, B. proteus, 
B. pyocyaneus, A. aerogenes, B. paracolon, and Alcaligenes fecalis. 


Dosage: Teaspoonfuls every 12 hours 


Children: 
20 lbs Ya Caution: the usual precautions in 
40 lbs 1 sulfonamide therapy should be 
60 lbs ly observed. 
80 lbs 2 

Adults: 


If required, the initial dose may be twice the amount of subsequent doses. Treat- 
ment should be continued until temperature has been normal for at least 48 hours. 


Supplied: Bottles of 4 and 16 oz. 


Lipo Gantrisin® Acetyl—brand of acetyl sulfisoxazole in vegetable oil emulsion 


HOFFMANN-LA ROCHE INC NUTLEY J. 
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Supplied: 

5 mg. and 2.5 mg. 
scored tablets; bottles 
of 30 and 100 


THREE TO FIVE TIMES MORE EFFECTIVE THAN HYDROCORTISONE * Trademark 


Parke, Davis & Company - Detroit 32, Michigan 
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IPRONIAZID 


the psychic 
energizer 
is available 
only as 


MARSILID 


For information 
concerning new uses 
for this remarkable 
therapeutic agent 


see pages 86-87 


Marsilid® Phosphate —brand 
of iproniazid phosphate 


HOFFMANN-—LA ROCHE INC 


NUTLEY 10 + NEW JERSEY 
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Now, from the safflower 
...an important, new aid 

for reduction 
of elevated cholesterol 


blood levels 


(ABBOTT'S SAFFLOWER OIL EMULSION) 


PALATABLE, NEW EMULSION 
OFFERS THE HIGHEST PERCENTAGE 


OF UNSATURATED FATTY ACIDS 


OF ALL VEGETABLE OILS - 
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w-—— Over recent years, the 
study of atherosclero- 
vy sis has strongly sug- 


gested that its control 
may be aided through 
the correction of hy- 
percholesteremia. It 
has been repeatedly 
observed, Bether, that the substitution of 
highly ungaturated fats for saturated fats 
reduces el@vated cholesterol blood levels 
in certain ipdividuals. 

With th@highest percentage of unsaturated 
fats of all @dible vegetable oils, Abbott’s new 
safflower of emulsion, SaFF, is thus indicated 
in the management of hypercholesteremia. 
Significantly, safflower oil, while representing 
a uniquely concentrated natural source of 
linoleic acid, contains the lowest percentage of 
saturated fatty acids. The following table 
shows the relation between fatty acid com- 
position and biological activity in a number 
of food fats: 


‘Relation te Composition 


Linoleic Saturated | Biological* 
Acid Polyenic Acids Activity 
Acids 

Safflower oil 74.5% - 6.6% 78.8% 
Soybean oil 53.3% 78% 13.2% 62.4% 
Corn oil 56 % 13 
Cottonseed oil 49.6% 1.3% 26 % 48.5% 
Sesame oil 41% 13 28.2% 
Linseed oil 12.5% 52.1% 9.6% 11.9% 
Olive oil 12 % 12 % _ 
Lard 5.6% 1.3% 43 % 6.9% 
Tallow (beef) 0.9% 1% 53 &% 1.5% 
Butter 2% 1.7% 47 G% 1.1% 
Margarine 5.8% 23 
Coconut oil 1.9% 82 1.1% 


*Relative potency for curing essential fatty acid deficiency in rats when linoleic acid 
is assigned a value of 100. Thomassen, H. J.: “Biological Standardization of Essential 
Fatty Acids”, International Rev. of Vit. Res., 25:62, 1953. 


In relating diet to blood cholesterol, one typi- 
cal study' included five groups of human sub- 
jects, whose controlled diets alternated from 


REFERENCES: 


large percentages of unsaturated fats to iden- 
tical percentages of saturated fats. Conclu- 
sions drawn were that plasma cholesterol in- 
creased with ingestion of saturated fats 
whereas a diet of unsaturated fats consist- 
ently decreased plasma cholesterol. Such studies 
strongly suggest that unsaturated fat can be of 
value in the regulating of hypercholesteremia. 


Clinical and Laboratory Findings 

In promoting the growth, well-being, and 
survival of experimental animals, safflower oil 
(SAFF) has proved much more effective than 
hydrogenated vegetable oil. Indeed, in the 
laboratory,” atheroma-like changes have been 
produced in rabbits on a purified ration con- 
taining hydrogenated vegetable oil. No such 
lesions resulted from the administration of 
comparable quantities of safflower oil. 

SaFF finds ready acceptance in the manage- 
ment of conditions where weight-gain is de- 
sirable—such as undernutrition or convales- 
cence. Moreover, from studies, such as those 
of Deuel and Reiser,’ it is evident that un- 
saturated fats have a special value in nutri- 
tion—one not shared by any other kind of 
food. 

Opportunity For Immediate Study 

SAFF’s true worth can best be demonstrated 
through studies in which it is administered to 
patients with hypercholesteremia, including 
those with atherosclerosis, or those having a 
tendency toward it. Again, in individuals with 
coronary disease, the effect of controlled es- 
sential fatty acid intake on cholesterol and 
lipid blood levels will be of particular signi- 
ficance. 

In many patients, substitution of SAFF for 
saturated fat in the diet will provide a demon- 
strable lowering of blood cholesterol. 

With a light butterscotch flavoring, SAFF 
is highly palatable right from the spoon. 
Mixes easily with most liquids as well as with 
a number of foods. 

SAFF’s recommended dosage is five table- 


spoons daily. Available 
in one-pint-bottles. Ob 


1. Beveridge, J. M. R.; Connell, W. F.; and Mayer, G. A.: “Dietary Factors Affecting the 
Level of Plasma Cholesterol in Humans: The Role of Fat.’’ Canad. J. Biochem. & Physiol. 


$4:441-55, May, 1956. 2. Lambert, G. F.; Olson, R. T.; Miller, J. P., Jr.; and Frost, D. V.: 
Laboratory Records, Nutrition Research, Abbott Laboratories, 1956-57. 3. Deuel, H. J. Jr., 
and Reiser, R.:‘‘The Physiology and Biochemistry of the Essential Fatty Acids.’’ Vitamins 


and Hormones, Volume 13, pp. 29-70, 1955 
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IRWIN, 


atarn can give you... 


anphetamin protocolloid complex 
Irwin, Neisler 


GREATER than any other 


anorexic yoWean use... 


“Thus, defimite 

Temuilted total of 
579 (62.8%) of 699 

teated.””* 


To serve your patients today—call your 
pharmacist for any additional information 
you may need to help you prescribe Seco- 
Synatan and Synatan. 


For prescription economy, prescribe 
Synatan and Seco-Synatan in 50’s. 
*Garrett, T. A.: Clin. Med. 3: 1185 (Dec.) 1956. 


LESS than any other 


anorexic you can use... 


“Only 3.7% of 699 patients on 
proper dosage seheduile ex- 
hibited CNS oWepstimn- 
lation with 
(tanphetamin)* 


each Synatan tabule contains tan- 
phetamin (dextro-amphetamine 
tannate) 17.5 mg. 


Seco-Synatan contains Synatan 17.5 
mg. and secobarbital 35.0 mg. 


dosage: One or two tabules at 10:00 
a.m. for all day control. 


NEISLER &€ CO. DECATUR ILLINOIS, 
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CLINICAL COLLOQUY 


My patients complain that 
the effect of the pain tablet I prescribe 
often wears off in less than 3 hours. 


Why not try the new codeine derivative 
that’s combined with APC 
for faster, longer-lasting pain relief? 
You mean something that 
doesn't require repeat dosage so often? 


ee 
Yes—it’s called Percodan.® 
It not only works in 5 to 15 minutes but 


one tablet sustains its pain-relieving effect 
for 6 hours or longer! 


How about side effects? 
ee 


No problem. For example, 
the incidence of constipation 
is rare with Percodan.* 


99 


Sounds worth trying— what's the average adult dose? 


One tablet every 6 hours. That’s all. 


Where can I get literature on Percodan? 
v7 
ee 

Just ask your Endo detailman or write to: 


ENDO LABORATORIES 


Richmond Hill 18, New York 


*U.S. Pat. 2,628,185. PERCODAN contains salts of dihydrohydroxycodeinone and 
homatropine, plus APC. May be habit-forming. Available through all pharmacies. 
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a NEW 
spasmolytic drug 


for 


skeletal 


muscle 
spasm 


Brand of HCl 


e orally effective 
e relatively long-acting 
® minimal side actions 
nonsoporific 
® tolerance no problem 

eno known organic contraindications 


Effective 


for the Symptomatic Relief of Muscle Spasm in 
Whiplash injuries 


* Trademark of Brocades-Stheeman & Pharmacia 
U.S. Patent No. 2,567,351. Other patents pending. 


Parkinsonism 
of all types 
Low back pain 


Herniated intervertebral disc 


Fibrositis 


In addition to its spasmo- 
lytic effect, Disipal evokes 
a mildly euphoric response, 
particularly valuable in the 
Parkinsonian patient. 

Disipal is nonsoporific. Con- 
tinuous therapy for as long 
as 44 months produced no 
serious ill effect, no tolerance. 


Torticollis 
Hemiballism 


Cerebral palsy 


In 480 cases of Parkinson- 
ism (arteriosclerotic, post- 
encephalitic, and idio- 
pathic), 50 investigators 
reported good to excellent 
results in 286 (59%), and 
fair in 97 (20.2%). 


In 120 cases of other types 
of muscle spasm, good 


Huntington’s chorea 


results were obtained in 59 
(49.1%) and fair results in 
24 (20.1%). Side effects are 
minimal. 
Dosage: Initially 1 tablet 
(50 mg.) t.i.d. In combina- 
tion with other spasmolytic 
drugs, dosage is titrated to 
meet individual needs. 
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The leading symptom is: Would you 
prefer to receive only that pharmaceutical 
product information which you request? 
Presuming that you might, we’re offering 
a method for you to control your mail. 

Currently, we’re sending no regular 
mailings for product promotion. But, of 
course, the information is available. Simply 
write on your R blank the names of the 
Massengill products you’re interested in, 
and mail it to us. Forthright, we'll for- 
ward the literature. 

Just to remind you, over the page we’ve 
listed a number of the leading Massengill 
pharmaceutical products. Please write to 
us, if you want more information about 
any of them. 


THE 
S. E. MASSENGILL 


Bristol, Tennessee E 


please turn the page co 
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THE S. E. MASSENGILL COMPANY 


Bristol, Tennessee 


Obedrin® To help the overweight patient establish 
correct eating patterns. 


Homagenets® The only solid homogenized vitamins. 
Three formulas: prenatal, pediatric, and therapeutic. 


Livitamin® The preferred hematinic, with peptonized 
iron. 


Salcort® Cortisone-salicylate therapy, without undesir- 
able side reactions. 


Massengill® Powder The non-irritating douche which 
enjoys unusual patient acceptance. 


Aminodrox® Wider usefulness for aminophylline. De- 
pendable, convenient oral iherapy. 
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for prompt clinical response in many common infections 


especially those of the urinary and respiratory tracts 


Squibb Triple Sulfas 
Trisulfapyrimidines 


e Prompt, high blood levels' 
e Excellent tissue diffusion' 


e Highly soluble in the urine, especially at critical Big 
pH levels' 


e Few sensitization reactions' 


Tablets, 0.5 Gm., bottles of 100 and 1000. Fo ey 


Raspberry-flavored Suspension, 0.5 Gm. per 5 cc. teaspoonful, 
pint bottles. 


Squibb Quality—the Priceless Ingredient 


1. Lehr, D.: Modern Med. 23:111 (Jan. 15) 1955. 
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Proved Clinically Effective Oral Therapy — 


LIPAN Capsules contain: Specially 
prepared highly activated, desic- 
cated and defatted whole Pancreas: 
Thiamin HCl, 1.5 mg. Vitamin D, 
500 I.U. 


Available: Bottles 180’s, 500’s. 


maintenance regimen may keep patients lesion-free. 


COMPLETE LITERATURE AND REPRINTS 
UPON REQUEST. JUST SEND AN Rx BLANK. 


Spirt & Co., Inc. 


WATERBURY, CONN. 


©Copyright 1956 Spirt & Co. 
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OLEANDOMYCIN TETRACY 


for ‘multi-spectrum Sigmam: 
now buffered for higher 


advance in potentiated multi- 
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World leader in antibiotic development and production 


New added certainty in 
antibiotic therapy — 
particularly for that 

90 per cent of the patient 
population treated at 
home or office where 
susceptibility testing 
may not be practical. 


Signemycin V Capsules provide 
the unsurpassed antimicrobial 
spectrum of tetracycline 
extended and potentiated to 
include even those strains of 
staphylococci and certain other 
pathogens resistant to other 
antibiotics. The addition of the 
buffering agent affords higher, 
faster antibiotic blood levels 
following oral administration. 


Supplied: 

Capsules containing 250 mg. 
(oleandomycin 83 mg., tetracycline 
167 mg.), phosphate buffered. 
Bottles of 16 and 100. *Trademark 


PFIZER LABORATORIES, Brooklyn 6, N. Y. 
Division, Chas. Pfizer & Co. 


t erapy—higher faster levels of antibiotic activity a, 
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aquasol 


the original aqueous, natural 
vitamin A in capsule form... in high potency 


levels as compared with oly 


lev 


Natural vitamin A ‘provides all known and fulty | utilizable. phys logically act 

isomers of vitamin A — as compared with synthetic vitamin ‘A which affords c 

one isomer, an isomer requiring conversion in the body befe it can: oe ai 
utilized in certain. enzyme processes. ‘ 


Vitamin A has become an integral part of therapy in : 7 
y skin and ag hyperkeratotic lesions. 
convenient Aquasol A’ capsules 
i ; oves potential allergenic non- 
~ 


three separate high potencies of 


AQUASOL A CAPSULES 


(water-solubilized natural vitamin A) per capsule: 


25,000 U.S.P. units - 50,000 U.S.P. units - 100,000 U.S.P. units 
bottles of 100, 500 and 1000 capsules 


u. s. vitamin PHARMACEL 
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in convalescence 


one of many indications for 


high potency vitamin-mineral formula 
“Generally, the more rapid and complete the nutritional 
rehabilitation, the shorter the convalescence.”* 


MYADEC Capsules are supplied in bottles of 30, 100, 250, and 1,000. 


*Goodhart, H. S.: Vitamin Therapy Today, M. Clin. North America 40:1473, 1956. 


PARKE, DAVIS & COMPANY oe DETROIT 32, MICHIGAN 


Sons 


For Daytime Tranquillity 
non-barbiturate sedative 
® Quick acting 


e Rapidly eliminated 
e Free from side effects 


Dose: 1 BROMURAL tablet several times a day. 


Try 1 Bromural tablet with an aspirin for quicker relief of neuralgic pain and 
headache, discomfort and the aches of simple colds — better than aspirin alone. 


Each BROMURAL tablet bears the mark €B of the originator. 


Bromural, brand of Bromisovalum, a product of E. Bilhuber, Inc. 


BILHUBER-KNOLL CORP. distributor 
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restores vitality 


THERACEBRIN 


(Pan-Vitamins, Therapeutic, Lilly) © 


for a really vigorous multiple-vitamin regimen 
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Editorial 


The Concept of Relative Bone 
Marrow Failure 


ELATIVE bone marrow failure implies that 
R the marrow may produce a normal or 
greater than normal number of cells in response 
to cell loss or destruction, but that it is not able to 
keep pace with demand even though the rate of 
destruction is one for which a normally func- 
tioning marrow could compensate completely. 
A rough analogy may be made to the heart of an 
elderly patient with coronary artery disease 
which does well under ordinary demands but 
fails in the presence of hyperthyroidism. The 
concept of relative bone marrow failure has been 
developed during the last few years as informa- 
tion about the rates of red blood cell formation 
and destruction has accumulated. So far, because 
technics for studying the balance between the 
destruction of white blood cells and platelets 
have not been discovered, this concept can be 
applied only to the anemias but there is every 
reason to believe that it is applicable to some of 
the leukopenias and thrombocytopenias as well. 
In the past, clinicians have found it difficult to 
understand why certain anemias are associated 
with cellular or hyperplastic marrows when there 
is no morphologically detectable evidence of 
increased hemolysis or loss; the anemias were 
regarded as being due to poor production of 
cells. Why, then, was not the marrow hypo- 
cellular? Arrested maturation or a breakdown 
in the mechanism of delivery of cells to the 
peripheral blood were offered as explanations 
but there was usually no histologic basis for 
these suggested derangements. More recent 
evidence indicates that in many instances there 
is significant acceleration of red cell destruction, 
which is detectable only with technics for meas- 
uring corpuscular survival; the marrow may 


be making cells actively, and so be cellular, or 
even hyperplastic, but production lags behind 
need. 

Before specific examples of relative bone mar- 
row failure are cited, brief comment should be 
made about the methods used for measuring 
formation and destruction of cells, and about the 
maximum rate of compensation attainable by 
normal marrow. 

The circulating life span of red corpuscles, 
established as being normally about 110 to 120 
days, can be measured with reasonable accuracy 
by either the Ashby method of differential 
agglutination or by tagging transfused cells with 
radioactive chromium [7]. Other satisfactory 
technics have been used (such as, tagging heme 
with C!* by administering C!* tagged glycine), 
but these two have been employed most widely. 
The Cr*! method is easier to use. This method 
makes it possible to follow the survival of the 
patient’s own cells in his own circulation, it 
avoids the potential errors which might result 
from cross transfusions if isosensitization to mi- 
nor blood groups occurred, but it suffers from the 
disadvantages that the Cr®*! seems to be eluted 
from the cells, not always perhaps at a constant 
rate, and may possibly injure the corpuscular 
stroma. With proper precautions and with care- 
ful interpretation of the data, however, the 
information about cellular destruction with 
either method is good enough for clinical 
interpretation. 

The methods for estimating red blood produc- 
tion are much less satisfactory. Reticulocyte 
counts, estimates of the nucleated red cells yer 


1 Mo.uison, P. L. and VEALL, N. The use of the isotope 
51Cr as a label for red cells. Brit. J. Haematol., 1: 62, 1955. 
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unit volume of marrow, determination of the 
plasma iron turnover per day and of the utiliza- 
tion of tracer amounts of Fe®* for hemoglobin 
synthesis provide only rough approximations at 
best [2-4]. Yet, when used in combination, they 
do provide information which serves as a useful 
index of the rate of erythropoiesis, valuable for 
comparative purposes even though quantita- 
tively not exact. 

A well nourished bone marrow which becomes 
hyperplastic in response to blood loss or hemoly- 
sis can produce red cells at about six to eight 
times the normal rate [5]. In a patient with 
chronic hemolytic disease, therefore, it is possible 
for a normal erythrocyte count to be maintained 
even though the average red cell survival time 
becomes as short as sixteen to twenty days. If the 
survival time decreases to less than this range, 
hemolytic anemia invariably results because 
even the healthy, hyperplastic marrow is no 
longer able to compensate. By the same token, a 
healthy marrow could compensate with relative 
ease for a hemolytic rate three times the normal 
(corpuscular survival of forty days). If on the 
other hand, it was able to respond to this 
stimulus by only doubling its production rate, a 
moderate anemia would result and a state of 
relative bone marrow failure could be said to 
exist. Here is what would happen to the periph- 
eral red cell count and to the total circulating 
red cell mass under these circumstances: 

(1) A hypothetic patient has a normal red 
blood cell count of 5,000,000 cells per cu. mm. 
and a circulating erythrocyte mass of 2,400 ml. 
With a corpuscular life span of 120 days, he 
would be destroying and making 20 ml. of 
erythrocytes per day. 

(2) A disease now develops which causes his 
red cells to survive for only forty days so he 
begins to destroy 20 X 3 or 60 ml. of cells per 
day. Because the disease also affects his marrow, 


? BoTHWELL, T. H., CALLENDER, SHEILA, MALLETT, 
BARBARA and Wirts, L. J. The study of erythropoiesis 
using tracer quantities of radioactive iron. Brit. J. 
Haematol., 2: 1, 1956. 

E. R., D. H., G., 
Dononue, D. M., Morutsxy, A. G. and Fincn, C. A. 
Erythrokinetics: quantitative measurements of red cell 
production and destruction in normal subjects and pa- 
tients with anemia. Blood, 11: 291, 1956. 

* Berwin, N. I., Lawrence, J. H. and E_muincer, P. J. 
Recent advances in the knowledge of total red cell vol- 
ume, production and destruction. Blood, 12: 147, 1957. 

5 Crospy, W. H. and Akeroyp, J. H. The limit of 
hemoglobin synthesis in hereditary anemia. Am. J. Med., 
13: 273, 1952. 


he is able to increase erythropoiesis to only 
40 ml. per day. The corpuscular mass and count 
will gradually decrease until the circulating 
red cell mass is down to 1,600 ml. At this level, 
which is two-thirds of the original, the volume of 
erythrocytes destroyed per day at a survival rate 
of forty days will be 1,600 + 40 or 40 ml. A 
new equilibrium will now be set because the 
marrow is capable of producing this quantity 
of new cells per day. If the total blood volume 
has remained constant, the peripheral red cell 
count will now be 3,330,000 per cu. mm. 

The anemia in this hypothetic situation has 
resulted from increased hemolysis and the failure 
of the marrow to compensate for a normally 
compensatable rate of destruction—relative bone 
marrow failure. In many instances, if the survival 
time of the red cells is determined and it is known 
to be accelerated but more than twenty days, it 
is possible to make a calculation similar to the 
one cited to establish the fact that the marrow 
must be producing cells at a normal or greater 
than normal rate. The presence of relative bone 
marrow failure can thus be recognized even 
though direct measurement of cellular produc- 
tion has not been made. 

Among the most complete data are those for 
the anemia which is found in association with 
cancer. Many but not all patients with cancer 
show a shortened red cell survival time, which is 
due presumably to an extracorpuscular hemo- 
lytic factor; reference to the many studies which 
establish this fact are available in two recent 
papers [6,7]. There are fewer evaluations of 
production rate but these studies indicate that 
the anemia in patients with cancer is character- 
ized usually by a failure of the marrow to com- 
pensate fully for an increased rate of red cell 
destruction, whether the destruction is mild or 
severe [6,7]. In a few instances the anemia 
may be caused solely by deficient red cell produc- 
tion. Similarly, in leukemia there is frequently a 
hemolytic component to the anemia [4,6,8,9] 


6 Mitter, A., CHopos, R. B., Emerson, C. P. and Ross 
J. F. Studies of the anemia and iron metabolism in 
cancer. J. Clin. Invest., 35: 1248, 1956. 

7 Hyman, G. A. and Harvey, J. L. The pathogenesis of 
anemia in patients with carcinoma. Am. J. Med., 19: 350, 
1955. 

8 Berwin, R. Red cell survival studies in normal and 
leukemic subjects. Acta Med. Scandinav., Suppl. 252, 1, 
1951. 

9 Ross, J. F., Crockett, C. J., Jr. and Emerson, C. P. 
The mechanism of anemia in leukemia and malignant 
lymphoma. J. Clin. Invest., 30: 668, 1951. 
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which is compensated for only in part by ac- 
celerated erythropoiesis [4,6,70]. Recognition 
that the marrow has this degree of competence, 
however, has therapeutic implication in patients 
with chronic lymphocytic leukemia or the malig- 
nant lymphomas because the anemia may fre- 
quently be corrected if the abnormal hemolysis 
is controlled by steroid therapy or by splenec- 
tomy [77]. 

When anemia exists in patients with cirrhosis 
of the liver, the red cell survival time has been 
found to be shortened due to an extracorpuscular 
hemolytic process and to be proportional to the 
severity of the anemia [72]. Hemoglobin produc- 
tion usually did not exceed two to three times 
the normal rate but occasionally increased 
enough, when nutrition was improved or when 
alcohol was withdrawn, to bring about partial 
correction of the anemia even though the rate of 
hemolysis seemed unchanged. The anemia of 
rheumatoid arthritis is likewise due to a com- 
bination of shortened erythrocytic life span and 
failure of the marrow to respond adequately to 
the stress of the anemia. In many instances, the 
hemolytic component is very mild so that sub- 
normal production of cells seems to be the major 
responsible factor. In other patients with cor- 
puscular life spans as short as forty days, the 
marrow appears to be making more than the 
normal number of cells although it fails to speed 
up production enough to compensate for the 
hemolysis [73]. The anemia of infection is 
associated with a moderate decrease in red cell 
survival time, averaging only 27 per cent in one 
series of cases [74]. Whether cell formation is 
always depressed to levels less than the normal or 
may at times merely fail to increase enough to 
correct the hemolytic component is not yet clear. 

10 Hurr, R. L., Hennessy, T. G., Austin, R. E., 
GarciA, J. F., Roperts, B. M. and Lawrence, J. H. 
Plasma and red cell iron turnover in normal subjects and 
in patients having various hematopoietic disorders. 
J. Clin. Invest., 29: 1941, 1950. 

1! RemnHarD, E. H. and Logs, V., Jr. Dyssplenism 
secondary to chronic leukemia or malignant lymphoma. 
J. A. M. A., 158: 629, 1955. 

12 Janpi, J. H. The anemia of liver disease: observa- 
tions on its mechanism. J. Clin. Invest., 34: 390, 1955. 

13 Epauau, F. G., Jr., PeTerson, R. E., RoDNAN, G. P. 
and Bunm, J. J. The anemia of rheumatoid arthritis. 
Med. Clin. North America, 39: 489, 1955; Clin. Res. Proc., 
2: 55, 1954. 

14(q) Busu, J. A., ASHENBRUCKER, H., CARTWRIGHT, 
G. E. and Wintrose, M. M. The kinetics of iron metab- 
olism in the anemia associated with chronic infection. 
J. Clin. Invest., 35: 89, 1956. (6) Wintrospe, M. M. 
Clinical Hematology, 4th Ed., p. 588 (1956). 
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In some patients with autoimmune hemolytic 
disease (acquired hemolytic anemia) it seems 
entirely possible that the antibodies responsible 
for peripheral destruction of cells may also 
inhibit erythropoiesis enough to prevent the 
compensation which might otherwise occur, 
although studies on the only two patients for 
whom data have been published fail to support 
that contention [3]. Measurements of cell pro- 
duction and survival time in the same patient 
are not available for disseminated lupus ery- 
thematosus, sarcoidosis and many other dis- 
eases in which splenomegaly occurs; relative 
bone marrow failure may well be found to be of 
importance in the pathogenesis of anemic states 
associated with some of these disorders as well. 

Uremia seems to be a clear exception. While a 
hemolytic component is frequently present in 
the anemia of uremia, erythropoiesis is ap- 
parently always depressed [75,76]. The same 
statement may be made for refractory or hypo- 
plastic anemias although accelerated destruction 
occasionally is associated with only mildly 
inadequate red cell formation so that splenec- 
tomy may effect marked improvement even 
though a normal count is not restored [3,77,78]. 

Whether or not the same considerations will 
apply to leukopenic and thrombocytopenic states 
is of course unknown. Technics are now avail- 
able for studying the circulatory life span of 
platelets [79] but production cannot yet be 
evaluated. The problem with regard to leuko- 
cytes is even more complicated since white 
blood cells spend a portion of their functionally 
active life in tissues outside the circulatory bed. 
It seems reasonable to predict, however, that the 
same considerations will be found to hold—that 
marrow affected by a disease process will be 
able to respond with increased production of 


15 Loce, J. P., LANGE, R. D. and Moorz, C. V. Char- 
acterization of the anemia of chronic renal insufficiency. 
J. Clin. Invest., 29: 830, 1950. 

16 JoskE, R. A., McALester, J. M. and PRANKERD, 
T. A. J. Isotope investigations of red cell production and 
destruction in chronic renal disease. Clin. Sci., 15: 511, 
1956. 

17 Loes, V., Moore, C. V. and Dusacnu, R. The 
physiologic evaluation and management of chronic bone 
marrow failure. Am. J. Med., 15: 499, 1953. 

18 Doan, C. A. and Wricur, C. S. Primary congenital 
and secondary acquired splenic panhematopenia. 
Blood, 1: 10, 1946. 

19 LeexsMA, C. H. W. and Couen, J. A. Determination 
of the life span of human blood platelets using labelled 
diisopropylfluorophosphonate. J. Clin. Invest., 35: 964, 
1956. 
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mechanism of the failure: a depressant affect 
directly on the marrow or on the elaboration of 


4 Editorial 
a these formed elements when they are being a marrow hormone, like erythropoietin. At least 
war destroyed or lost with abnormal rapidity, but at __ partial clarification will almost certainly come 
4 a rate in many instances less than that possible from the tremendous current interest in the 
for an unhampered marrow. latter substance. 
. What has been called here relative bone mar- The concept of relative bone marrow failure 
" row failure has been designated by others as has definite therapeutic implications in some 
OMS “functional inadequacy of the marrow” or __ instances; if one knows that the marrow is capa- 
a “relative hypofunction.””> The term is of no ble of producing at least a normal number of 
; consequence so long as the physiologic principle cells, and if one can accumulate evidence that a 
is understood. The bone marrow can fail in two _ Significant proportion of the accelerated destruc- 
ways: (1) by failing to produce a normal num- tion is occurring in an enlarged spleen, he can 
a ber of cells (true failure), or (2) by failing to proceed to splenectomy with more rationale and 
; increase its production as much as would a confidence. The concept of relative bone marrow 
failure, however, is probably of most value in 
of normal marrow in response to a given stimulus ae b b 4 di pte 
: oringing about a better understanding of the 
7 (relative failure). Fluctuations in the severity of pathogenesis of erythroid disorders, and of 
to the disease affecting the marrow undoubtedly encouraging physicians to think of the marrow 
a cause swings between true and relative failure. _ in the same functional terms which are now so 
be Essentially nothing can be said as yet about the readily applied to the pulmonary, renal and 


cardiovascular systems. 
Cari V. Moore, M.D. 
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Clinical Studies 


Further Observations on Patients with 
Malignant Carcinoid’ 


ALBERT SJOERDSMA, M.D., HERBERT WEISSBACH, PH.D., LUTHER L. TERRY, M.D. 
and SIDNEY UDENFRIEND, PH.D. 


Bethesda, Maryland 


OME Clinical, physiologic and biochemical 
._) findings in six patients with metastatic car- 
cinoid tumors were presented in a previous re- 
port from this laboratory [7]. The major chem- 
ical alterations were found to consist of elevated 
blood levels of serotonin (5-hydroxytryptamine) 
and a greatly increased urinary excretion of the 
serotonin metabolite, 5-hydroxyindoleacetic acid 
(SHIAA). The elevated urinary 5HIAA has now 
become accepted as a simple method for diag- 
nosis of the disorder [2]. Production of large 
amounts of serotonin by the tumors was shown 
to require a major utilization of its dietary pre- 
cursor, tryptophan. Serotonin excess as well as 
secondary tryptophan deficiency were consid- 
ered as possible factors in the pathogenesis of the 
associated clinical syndrome. 

Studies have now been carried out in thirteen 
additional patients. Since the usual clinical man- 
ifestations of the disorder have been described, 
only relevant aspects of additional case histories 
are presented here. The various aspects of fur- 
ther investigation of the disorder are presented 
in the section on experimental results in accord- 
ance with the following outline: 


Measurements of serotonin and 5HIAA 
Blood, urine and cerebrospinal fluid 
The question of ‘free’ serotonin in plasma 
Different vascular sites 
During flushes 
Renal metabolism of 5HIAA 
Carcinoid tumor 
Studies with radioactive 5-hydroxytryptophan 
Turnover of serotonin 
Calculation of serotonin pool and tumor mass 


Chemical evidence of tryptophan and niacin 
deficiency 

Low plasma tryptophan levels 

Low excretion of N’-methylnicotinamide 
Pharmacologic studies 

Reserpine 

Serotonin “antagonists” 
Psychologic evaluation 


MATERIALS AND METHODS 


Eight patients were hospitalized for these studies at 
the Clinical Center of the National Institutes of 
Health. Four were of the original group of six pa- 
tients studied previously and the details will not be 
repeated [7]. Specimens for analysis in nine additional 
patients (Cases x1 through xrx) were received from 
elsewhere and available clinical information concern- 
ing some of these patients was incomplete. 

Serotonin was measured by the methods of Uden- 
friend, Weissbach and Clark [3] and 5HIAA by the 
method of Udenfriend, Titus and Weissbach [4]. Total 
urinary 5-hydroxyindoles were measured by making 
quantitative use of the direct color test with nitroso- 
naphthol [2]. The platelets were isolated from 15 to 
30 ml. of blood according to the procedure of Dillard, 
Brecher and Cronkite [5]. The platelets were washed 
three times with 5 ml. of isotonic sodium chloride by 
resuspension, centrifugation and decantation of the 
wash fluid. After the final wash the platelets were 
resuspended in a small volume of the saline solution 
and aliquots taken for analysis of protein [6] and 
serotonin. All steps in the isolation of platelets re- 
quired the use of siliconized glassware. The platelet 
serotonin values were expressed as ug./mg. protein. 
This procedure obviates the need for platelet counts 
on the original blood and on platelet suspensions to 
correct for losses during isolations. “Platelet-free”’ 
plasma was obtained in the course of platelet isolation 


* Clinic of General Medicine and Experimental Therapeutics and the Laboratory of Clinical Biochemistry, Na- 
tional Heart Institute, National Institutes of Health, Public Health Service, U. S. Department of Health, Education and 


Welfare, Bethesda, Maryland. 
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or by immediate, rapid centrifugation of the blood 
sample. 

The following method was developed as a simplified 
assay for serotonin in whole blood containing elevated 
amounts of serotonin (patients with carcinoid and 
rabbits): blood is drawn in the same manner as for 
platelet assay [5]; to 1 ml. of blood add 4 ml. water; 
precipitate proteins by addition of 1 ml. of 10 per cent 
ZnSO, and 0.5 ml. of 1 N NaOH; centrifuge and to 
1.0 ml. of the supernate add 0.3 ml. of 12 N HCl; read 
in the spectrophotofluorometer [7] at an activating 
wavelength of 295 my and a fluorescence wavelength 
of 550 mu. Eighty to 90 per cent of the fluorescence 
obtained with blood from patients with carcinoid is 
due to serotonin and the remainder to other 5-hy- 
doxyindoles (mainly 5HIAA). For the determination 
of 5HIAA in plasma a 2 ml. aliquot was extracted in 
the manner described for urine [4], omitting the 2-4- 
dinitrophenylhydrazine precipitation and _chloro- 
form extraction steps. The extract was then acidified 
and read in the spectrophotofluorometer as described 
for assay of serotonin in whole blood. 

In the study with radioactive 5-hydroxytryptophan, 
urine was extracted for 5HIAA by the standard pro- 
cedure; 1 aliquot was assayed chemically and another 


.counted in a Geiger-Miiller counter. To check the 


results of this procedure similar aliquots were applied 
to Whatman No. 1 filter paper and chromatograms 
developed with n-propanol—1 NNH; (5:1). Five- 
HIAA eluted from the paper chromatograms had the 
same specific activity as obtained by the extraction 
method. 

Plasma tryptophan was measured by the method of 
Duggan and Udenfriend [8]. E. G. McDaniel of the 
National Institute of Arthritis and Metabolic Diseases 
kindly carried out the measurements of urinary 
N’-methylnicotinamide using the method of Huff and 
Perlzweig [9]. 

CASE REPORTS 


Cases 1 through v1;* see previous publication 
[7]. The patients in Cases 1 through rv were re- 
hospitalized for additional studies and were 
known to be alive as recently as August, 1956. 


Case vu. The first admission of a forty-eight year 
old white woman was for one week in September, 
1955, when she complained chiefly of numerous epi- 
sodes of “‘blushing” of ten years’ duration. Severe 
attacks were accompanied by facial edema, wheezing 
and dyspnea. An exploratory laparotomy performed 
elsewhere in January, 1955, had revealed carcinoid 
tumors in the liver with the primary site undeter- 
mined. Pertinent physical findings included: blood 
pressure of 120/80 mm. Hg, facial erythema, angio- 
matous telangiectasia over the nose and malar emi- 
nences and a large nodular liver. She was hospitalized 


* Case v1 has been reported in detail by Daugherty et 
al. [70]. 


again on May 2, 1956, with complaints of weakness, 
weight loss, severe diarrhea, fever, abdominal pain 
and swelling of the ankles. The results of physical and 
laboratory examinations were suggestive of an abscess 
in the right lower quadrant of the abdomen. Gradual 
but striking improvement occurred with the use of 
antibiotics, diuretics and symptomatic measures and 
she was discharged on July 7, 1956. 


Case vii. A forty year old white man was hos- 
pitalized for three weeks in January, 1956. Aside from 
a gradual weight loss of 15 pounds since July, 1954, he 
had felt well until October, 1955, when pain in the 
right upper quadrant of the abdomen, chills, fever 
and leukocytosis led to exploratory laparotomy per- 
formed elsewhere. The liver was found to be enlarged 
and studded with metastatic carcinoid nodules. A 
solitary primary tumor was resected from the terminal 
ileum and postoperative recovery was uneventful. 
Pertinent physical findings on admission included: 
evidence of weight loss, blood pressure of 120/70 mm. 
Hg, a soft systolic murmur of doubtful significance at 
the pulmonic area, and a large nodular liver. Two 
episodes of facial flushing were observed during the 
period of hospitalization and subsequently flushes oc- 
curred approximately once weekly. Complaints dur- 
ing follow-up visits over a three month period con- 
sisted of inability to gain weight, frequent gaseous 
abdominal distention with diarrhea, and intermittent 
pain over the liver. 


Case 1x. A bedridden, fifty-seven year old white 
woman was hospitalized from February 16, 1956, to 
March 9, 1956. There was a history of cough, progres- 
sive dyspnea and a 40-pound weight loss during the 
previous two years. An x-ray of the chest in July, 1954, 
showed several nodular lesions in the left lung and one 
on the right, interpreted as inoperable metastatic neo- 
plasm. Regression of the lesions followed a course of 
x-ray therapy. An abdominal operation was per- 
formed elsewhere in January, 1955, following an 
attack of pain in the right lower abdomen. At the 
time of surgery a mass measuring 8 cm. in diameter 
was discovered in the mesentery of the ascending colon 
and traced to an apparent origin in a retrocecal ap- 
pendix. The appendix and mass were resected. The 
mass consisted of inflammatory tissue and carcinoid 
tumor with probable origin in the appendix. A left 
pleural effusion was discovered in December, 1955, 
and a biopsy specimen of a left supraclavicular mass 
was interpreted as showing carcinoid tumor. Pertinent 
physical findings on admission included: cachexia, air 
hunger, blood pressure of 150/95 mm. Hg, pulse rate 
of 110 per minute, a 3 by 3 cm. nodular mass in the 
left supraclavicular area, diminished expansion of the 
entire left hemithorax with associated dullness to per- 
cussion and diminished breath sounds, resonance to 
percussion over the sternum, a systolic thrill with a 
grade 4 murmur obscuring the heart sounds in the 
second and third intercostal spaces to the left of the 
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sternum, and a palpable liver. An electrocardiogram 
showed only low voltage. An x-ray of the chest re- 
vealed complete opacification of the left hemithorax, 
a shift of mediastinal structures to the left and com- 
pensatory emphysema of the right lung. Other diag- 
nostic procedures were refused by the patient. The 
patient died at home on May 15, 1956, and an 
autopsy was performed on the following day. Residual 
carcinoid tumor was found adjacent to the appendi- 
ceal stump. There were four metastatic lesions in the 
liver, two in the pancreas, one in the left lung and ex- 
tensive infiltration by tumor of the upper mediastinum 
with resultant stenosis of the left main stem bronchus, 
left pulmonary artery and ascending aorta. The 
murmur noted clinically was attributed to mechanical 
stenosis of the left pulmonary artery since the heart 
and great vessels were normal otherwise. The right 
lung was emphysematous and the left was atelectatic 
and suppurative. 


Case x. A forty year old white man was admitted 
to the hospital on April 29, 1956. In November, 1953, 
hepatomegaly was discovered on routine examination 
and an exploratory laparotomy performed in January, 
1954, had revealed metastatic carcinoid from an un- 
determined primary site. He recalled “blushing” 
easily all his life and having low-grade asthma since 
he was eighteen years old. During World War u the 
blushing became persistent but was attributed by phy- 
sicians to sunburn or “birthmark.” Bluish discolora- 
tion of the face appeared in 1946. He felt well until 
August, 1955. Thereafter he noted progressive weight 
loss, weakness, numerous paroxysms of wheezing con- 
trolled by inhalations of isopropylarterenol, intermit- 
tent profuse diarrhea and swelling of the legs. Perti- 
nent physical findings on admission included: ca- 
chexia; “cyanosis” of the face; erythema of the entire 
skin surface but most intense on the face, neck and 
thorax; blood pressure of 110/70 mm. Hg; systolic ex- 
pansile pulsations of the jugular veins, prolonged expi- 
ratory phase of respiration with musical rales on aus- 
cultation; grade 2 apical systolic murmur; flaring of 
the costal margins; a very large spleen and tremen- 
dous, nodular liver extending “en masse”’ to the iliac 
crests; and edema of the lower legs. The electrocardio- 
gram was compatible with right ventricular hyper- 
trophy. Most interesting of the routine laboratory 
findings were: serum potassium of 7.0 mEq./L., white 
blood cell count of 45,000 per cu. mm. with immature 
leukocytes and nucleated erythrocytes on blood smear, 
slight anemia and platelet count of 1,900,000 per cu. 
mm. Sections of bone marrow obtained by trephine 
biopsy were interpreted as showing a markedly cellu- 
lar marrow with megakaryocytes and cells of the mye- 
loid series as the predominant cell types, and nests of 
tumor cells. The peripheral arterial oxygen saturation 
was 96 per cent. Cardiac catheterization showed a 
right atrial pressure curve typical of tricuspid insuffi- 
ciency and the following intravascular pressures: pul- 
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monary artery, 40/20; right ventricle, 42/10 and right 
atrium, 41/17 mm. Hg. The patient improved with 
use of digitalis, diuretic measures, blood transfusions 
and symptomatic therapy and was discharged on 
June 30, 1956. 


Case x1. A sixty-seven year old white man died on 
November 7, 1955, seven days after surgical removal 
of a suppurative appendix and a polypoid carcinoid 
tumor of the terminal ileum. He had felt well prior to 
the recent onset of severe pain in the abdomen. The 
preoperative blood pressure was 150/90 mm. Hg. The 
findings at postmortem examination included a large 
duodenal ulcer and carcinoid metastases in the mesen- 
tery, liver, spleen, pancreas and lung. Death was 
attributable to cerebral thrombosis. 


Case xu. A sixty year old white man gave a long 
history of diarrhea and “‘psychiatric problems.” On 
examination in February, 1956, flushing of the skin 
and hepatomegaly were noted but there was no evi- 
dence of cardiac involvement. Exploratory laparot- 
omy revealed primary carcinoid of the ileum with ex- 
tensive metastases to the liver. No other information 
is available. 


Case xu. In October, 1954, a fifty-six year old 
white man underwent surgery for the removal of a 
carcinoid tumor protruding into the cecum from the 
terminal ileum. Early in 1956 a metastatic lesion was 
removed from the soft tissue of the chest wall. The 
metastatic lesion had a microscopic appearance simi- 
lar to that of the intestinal tumor but was interpreted 
by some observers as adenocarcinoma. The patient is 
feeling well and is said to have no evidence of the 
“carcinoid syndrome.” 


Case xiv. A fifty year old Negro man had an ex- 
ploratory laparotomy performed in April, 1956, be- 
cause of persistent vague abdominal distress. X-rays 
of the entire gastrointestinal tract had been inter- 
preted as showing no abnormalities. A small ulcerat- 
ing carcinoid tumor was found in the terminal ileum 
and resected, together with metastases to regional 
nodes. The retroperitoneal area was “completely 
filled” with neoplasm and two nodules were seen in 
the liver. Postoperative recovery was satisfactory. 


Case xv. A twenty-nine year old Negro man was 
admitted to the hospital in April, 1956, with major 
complaints of nervousness, excessive sweating and 
diarrhea of three years’ duration. He also suffered 
from arterial spasm in the extremities when nervous 
or on exposure to cold. The blood pressure varied from 
130/96 to 200/100 mm. Hg. A loud systolic murmur 
was heard along the left sternal border and a mild 
degree of pulmonic stenosis was demonstrated by 
cardiac catheterization. The liver was felt 2 finger- 
breadths below the right costal margin. An explora- 
tory laparotomy performed on May 21, 1956, revealed 
multiple metastases in the liver and a small, ulcerating 
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nodule in the terminal ileum with a large metastasis 
in the adjoining mesentery. The primary tumor was 
excised and had a microscopic appearance typical of 
carcinoid. Convalescence was satisfactory and im- 
provement occurred with symptomatic measures. 


Case xvi._ A sixty-five year old white woman was 
seen in consultation on July 26, 1956. Her chief com- 
plaint was of intermittent severe diarrhea of eight 
years’ duration. Edema of the legs had developed in 
February, 1956, requiring the use of diuretics. Surgical 
removal of a carcinoid in the cecal area was performed 
on November 6, 1952, and metastases were seen in the 
liver and omentum. She recalled having been told 
of a heart condition (murmur ?) thirty years ago and 
of slight cardiomegaly in recent years. On examina- 
tion she appeared well, the blood pressure was 145/95 
mm. Hg, a soft systolic murmur was audible at the 
cardiac base and a harsh, grade 3 systolic murmur was 
heard at the apex, the liver was not palpable and there 
were no other significant findings. Alterations in chest 
roentgenograms and electrocardiograms were com- 
patible with left ventricular hypertrophy. The major 
cardiac lesion was considered to be rheumatic mitral 
insufficiency. 


Cases through the only information 
available is that the patients had metastatic car- 
cinoid proved histologically. 


Comments: The association of vasomotor dis- 
turbances, respiratory distress, valvular heart 
disease and diarrhea with metastatic carcinoid 
is borne out by these additional case studies. 
However, it is apparent that more cases are be- 
ing recognized prior to development of the typ- 
ical syndrome. One patient (Case 1x) succumbed 
to the mechanical effects of pulmonary and 
mediastinal metastases before secretion of sero- 
tonin was sufficient to produce other symptoms. 
A frequent complication in patients followed-up 
for the past two years has been the occurrence of 
episodic pain over the liver with fever and leuko- 
cytosis but negative blood cultures. These epi- 
sodes usually subside spontaneously and may be 
due to hemorrhagic necrosis of tumor nodules. 
Such an attack was the presenting complaint of 
one patient (Case vim) and associated abdominal 
rigidity caused the hepatomegaly to be over- 
looked until the time of surgery. Whether or not 
peptic ulcer (Case x1) and “leukemoid reaction” 
(Case x) are in some way related to excess sero- 
tonin production remains to be ascertained. 

After two years of clinical experience with the 
disorder one is impressed particularly by the 
wide variation in symptomatology and the re- 
markably prolonged survival. An optimistic out- 


look is justified despite the presence of signs and 
symptoms which are considered ominous when 
due to other types of metastatic neoplasm. The 
patient may have ample opportunity in his life- 
time to consult a variety of medical specialists 
and hence presents a peculiar type of medical 
challenge. Intensive clinical study and review of 
hospital records are necessary to delineate fur- 
ther the natural history of the condition. 


EXPERIMENTAL DATA 


Measurements of Serotonin and 5HIAA. Knowl- 
edge of the exact status of serotonin and its 
metabolites in different body fluids is of impor- 
tance in a disorder of this type in attempting to 
relate each of the clinical manifestations to the 
chemical disturbance. For example, the sugges- 
tion that the right side of the heart is damaged 
preferentially due to exposure to higher concen- 
trations of serotonin should be amenable to veri- 
fication by determination of serotonin levels in 
different vascular sites (vide seq.). Actually, the 
measurement of 5-hydroxyindole compounds in 
man presents many problems. In few instances 
do different laboratories use the same methods 
and often little information is published covering 
details of the technics. It is not surprising, there- 
fore, that certain discrepancies have appeared. 
This section of the paper deals with problems of 
measuring serotonin and 5HIAA in various com- 
partments and discusses the limitations and 
difficulties of existing methods. Additional find- 
ings are presented, some of which are based on 
newly developed methods (see section on 
methods). 


Blood, urine and cerebrospinal fluid: As shown in 
Table 1, the serotonin content of blood platelets 
and urinary excretion of 5HIAA in patients with 
carcinoids were consistently elevated. With the 
exception of Cases 1x, xvi and xvu, in which rela- 
tively low levels of 5HIAA were found, the diag- 
nosis of carcinoid was established easily by the 
rapid screening test [2]. Although it was reported 
previously that serotonin could not be detected 
in cerebrospinal fluid [7], Snow and associates 
[77] apparently were able to measure a signifi- 
cant amount (0.5 ug./ml.) in fluid obtained at 
the time of necropsy. However, additional anal- 
yses of spinal fluid in three patients (Cases rv, 
vu and x) again revealed no significant amount 
of serotonin (<0.03 ywg./ml.). 

Improved methodology has permitted meas- 
urement of 5HIAA in the blood of patients with 
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carcinoid. The values obtained have ranged from 
0.2 to 0.8 uwg./ml. of plasma. 


The question of “‘free’’ serotonin in plasma: No 
serotonin was found in the plasma of the first 
few patients studied in this laboratory. It was 


TABLE I 
SEROTONIN IN BLOOD PLATELETS AND 5HIAA IN URINE 


— Serotonin | 5HIAA 
. (ug./mg. platelet protein) | (mg./day) 
Normal Subjects 
0.26-0.63* | 2-9t 
Patients with Carcinoid 

I-VI 1.0 -5.4f 76-580 
VII 1.9 | 450-680 
VII 5.6 157-192 
Ix 4.4 14-28 
x 0.6§-1.7 368-630 
72 
1.1 665 
XVI 1.4 21 


* Range of values in ten normal subjects. 

t Range of values in forty subjects without carcinoid. 

t Converted by multiplication factor of 2 from original 
values expressed as ug./ml. of blood. 

§ Low value attributable to thrombocytosis and diffi- 
culties in isolation of platelets due to leukocytosis. 


therefore assumed that almost all the circulating 
serotonin was bound to platelets. Although some 
free serotonin must exist in the blood of these 
patients, it was supposed that available methods 
were inadequate to measure these small 
amounts. Subsequently, Snow and _ associates 
[77] reported serotonin levels in ‘‘platelet-poor’’ 
plasma of 0.05, 0.16 and 0.3 ug./ml. in three pa- 
tients with carcinoid, employing a bioassay pro- 
cedure. Since levels of this magnitude are easily 
measured chemically, this problem was reinves- 
tigated. Values obtained on numerous plasma 
assays ranged from an insignificant amount 
(<0.03 ug./ml.) to as high as 2.7 wg./ml. in one 
instance. However, the meaning of plasma values 
reported to date is open to question. Since it is 
impossible to avoid completely the breakage of 
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platelets when plasma is separated from the 
formed elements of blood, the serotonin which 
is measured in plasma may be partially ac- 
counted for by platelet rupture. On the other 
hand, it is possible that serotonin which is ini- 
tially free may actually be adsorbed onto plate- 


TABLE II 
SEROTONIN CONTENT OF WHOLE BLOOD AND PLASMA IN 
VARIOUS VASCULAR SITES 


} 
._ | Peripheral | Pulmonary} Femoral 
Case | —— Vein Artery Artery 
| (ug./ml.) | (ug./ml.) | (ug-/ml.) 
IV | Blood 1.7 1.7 2.3 
| Plasma 1.8 1.6 a2 
vit | Blood | 2.0 2.2 2.4 
| Plasma | 2.3 22 2.7 
| 
x | Blood | 3.0 3.0 3.2 


lets during the preparative procedure. Mindful 
of these difficulties it is believed that none of the 
reported values for free serotonin in blood can 
be considered reliable. That free serotonin does 
occur in blood is shown by the findings after the 
administration of reserpine. In this case a sero- 
tonin level of 0.5 ug./ml. of plasma was found 
when the platelet serotonin content was negli- 
gible (vide seq.). 


Different vascular sites: It has been suggested 
[7,72] that the predominance of right-sided heart 
involvement might be related to exposure of the 
right side of the heart to a higher concentration 
of free serotonin than the left, due to metabolism 
of serotonin by the lungs. Apparently, Goble et 
al. [72] were successful in confirming this hypoth- 
esis in studies on a single patient using chromato- 
graphic technics for serotonin analysis. They 
reported a plasma serotonin level of 6.2 ug./ml. 
in the pulmonary artery and 2.2 wg./ml. in the 
brachial artery. In three previous cardiac cath- 
eterization studies reported from our laboratory 
[7] no differences in platelet serotonin level were 
found between mixed venous and arterial blood 
but no attempt was made to measure plasma 
serotonin. Three additional cardiac catheteriza- 
tion studies were performed. As shown in Tablen, 
no significant differences in plasma or whole 
blood serotonin were found in samples taken 
from the peripheral vein, pulmonary artery and 
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femoral artery. Although a pulmonary arterio- 
venous serotonin difference may exist in the 
plasma, its demonstration will have to await 
the development of more reliable methods for 
separating plasma from the formed elements. 


During flushes: Repeated studies have failed to 
show alterations in the circulating level of either 
free or platelet-bound serotonin during flushing 
episodes. However, daily measurements of 
urinary 5HIAA have seemed to indicate that a 
greater amount of serotonin was being released 
during periods of flushing. This was particularly 
convincing in one patient (Case 1v) during two 
severe flushes lasting seven and ten days, respec- 
tively. The daily excretion of 5HIAA rose from 
control levels of 200-400 mg. to 600-900 mg. 
during the height of flushing. Over an interval 
of six weeks following one of these episodes the 
daily excretion then fell to a low value of 93 mg./ 
day, followed by a gradual return to control 
levels. Thus, in spite of the absence of a measur- 
able rise in the blood levels of serotonin, it 
appears that severe flushing, at least, is accom- 
panied by an increased release of serotonin from 
the tumor. 


Renal metabolism of 5HIAA: Since only small 
amounts of 5HIAA have been available for 
study, the renal excretory mechanism for this 
substance could not be studied by ordinary in- 
fusion technics. However, this problem is 
easily studied in patients with carcinoid. The 
administration of 2.0 gm. of probenecid intra- 
venously in two of these patients was followed 
by a decrease in the rate of excretion of 5HIAA 
and an increase in its concentration in plasma; 
these results imply an active tubular transport 
mechanism [73]. Clearance data in these pa- 
tients also indicate that 5HIAA is excreted by 
glomerular filtration and tubular secretion in a 
manner similar to para-aminohippurate [74]. 


Carcinoid tumor: A carcinoid tumor analyzed 
previously was found to contain 0.8 mg. of 
serotonin per gm. of tumor tissue. Additional 
specimens were obtained at the time of autopsy 
of two patients (Cases x1 and 1x). In Case x1 
the serotonin content of carcinoid metastases 
in three different organs was as follows: pan- 
creas, 1.0 mg./gm.; liver, 3.0 mg./gm.; and 
lung, 0.85 mg./gm. In Case 1x no significant 
amount of serotonin was found in a pulmonary 
metastasis and in the primary tumor adjacent 


to the appendiceal stump. Tumor from the 
mediastinum, liver and pancreas contained 0.17, 
0.17 and 0.22 mg./gm., respectively. Since the 
primary tumor in this case was thought to arise 
from the appendix, it is possible that massive 
production of serotonin is peculiar to the ileal 
carcinoid. On the other hand, these low values 
may be the result of a lapse of twelve hours be- 
tween the time of death and postmortem exam- 
ination. Since the rate at which tissue levels of 
serotonin decline after death is an undetermined 
variable, it is suggested that meaningful data 
can be obtained only by using fresh material 
obtained at the time of surgical procedures. 
Since serotonin can be measured in tissue by a 
simple colorimetric procedure, it is suggested 
that portions of such tumor specimens be frozen 
routinely for analysis at a later date. 


Studies with Radioactive 5-hydroxytryptophan. 
Since 5-hydroxytryptophan is the immediate 
precursor of serotonin, administration of this 
substance in radioactive form provides a means 
whereby one can label the 5-hydroxyindole pool 
of the body [75]. Eight microcuries of 2-C'4-5- 
hydroxy-DL-tryptophan (15.0 mg.) were given 
intravenously to a patient (Case 1) and the 
daily urinary excretion and specific activity of 
5HIAA were measured for a period of ten days. 
The excretion of 5HIAA was relatively constant 
during this time, averaging 350 mg./day. The 
daily specific activity of 5HIAA (counts per 
minute per micromole) is plotted as a logarithmic 
function in Figure 1. The relatively high specific 
activity of 5HIAA for the first two days may 
be explained partially by rapid conversion of the 
“‘unnatural”’ form of the aminoacid to 5HIAA by 
D-amino acid oxidase. If one assumes uniform 
labeling of the 5-hydroxyindole pool and that 
after the second day the end-product, 5HIAA, is 
in equilibrium with this pool, the whole body 
turnover of these compounds can be calculated. 
Since serotonin comprises the bulk of the total 
5-hydroxyindole compounds of the body and 
only a negligible percentage is present elsewhere 
than in the tumor, the turnover rate in a patient 
with carcinoid is in essence an approximation of 
the turnover of serotonin in the tumor. The slope 
of the latter part of the curve (Fig. 1) indicates 
a half-life of five and one-half days. Assuming 
that the specific activity of 5HIAA is a first order 
function of time and that the production rate of 
serotonin is at least equal to the urinary excretion 
rate of 5HIAA (350 mg./day), then it may be 
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estimated that the pool size is 2 JO mg.* The 
magnitude of this pool can be appreciated by the 
fact that 1 mg. of serotonin produces phar- 
macologic effects in man when given in- 
travenously. Since the serotonin content of 
carcinoid tumor tissue is usually in the range of 
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Fic. 1. Daily specific activity of 5HIAA after administra- 
tion of 2-C'*-5-hydroxy-pL-tryptophan. Half-life of five 
and a half days is indicated by the arrow. 


1.0 to 3.0 mg./gm., the estimated carcinoid 
mass in this patient would range from 1 to 3 kgm. 
The latter figure is comparable to that which 
might have been guessed clinically in this patient. 


Chemical Evidence of Tryptophan and Niacin 
Deficiency. As reported previously [7], an im- 
portant aspect of the metabolic abnormality 
in the carcinoid syndrome is the conversion of 


* The pool size of serotonin may be estimated by using 
the following equation: 
production rate (mg.) 
b 
where production rate is known (350 mg./day) and b, the 


rate constant of turnover, can be estimated, using the 
method of least squares, from the equation: 


pool size (mg.) = 


specific activity = ae~>t 


which represents the process of a simple turnover; a, in 
this equation equals pool size. 
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II 


the serotonin pathway from a minor to a major 
route for the metabolism of tryptophan. It was 
suggested that secondary tryptophan deficiency, 
with decreased formation of other products such 
as protein and niacin, be considered in the 
pathogenesis of the disorder. Measurements of 


TABLE 
FASTING PLASMA LEVELS OF TRYPTOPHAN AND URINARY 
5HIAA 
5HIAA 
Tryptophan 
Subject (mg./ 
(mg./100 ml.) day) 
12 normal subjects.| 1.06—1.28 
17 patients without 
carcinoid..... 0.90-1.50 
Patients with car- 
cinoid 
0.83, 0.81, 0.63 320-392 
1.00, 0.74, 0.84 380—580 
0.70, 0.68, 0.65, 1.07 | 214-572 
cy 0.67, 1.06 450-680 
1.20, 1.14, 1.10, 1.19 | 157-192 
0.45, 0.47, 0.65 380-630 


* Usual range is 2—9 mg. 
t The 5HIAA values represent the range obtained over 
a prolonged period of study. 


plasma tryptophan in the fasting state and 
urinary excretion of N’-methyl-nicotinamide 
were made to obtain further information on the 
state of tryptophan and niacin stores in these 
patients. 

Fasting plasma tryptophan levels were meas- 
ured in twelve normal subjects (laboratory 
personnel), seventeen hospitalized patients who 
varied in nutritional state from emaciation to 
obesity, and in six patients with carcinoid. The 
measurements in the patients with carcinoid 
were made at a time when the daily tryptophan 
intake exceeded 1,000 mg./day and there was 
no diarrhea or change in weight. The results 
shown in Table m indicate that patients with 
carcinoid have significantly lower tryptophan 
levels. It is of interest that the patient (Case vim) 
who had the lowest 5HIAA excretion also had 
the highest tryptophan levels, these being within 
normal limits. These results support the hypoth- 
esis of secondary tryptophan deficiency in this 
condition. 

The daily urinary excretions of N’-methyl- 
nicotinamide (NMN) and total 5-hydroxyindole 
compounds in four patients are shown in Table 
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1v. It is apparent that the patients with the 
highest excretion of 5-hydroxyindoles had the 
lowest urinary NMN levels. Field and Mc- 
Daniel [76] found NMN values in the order of 
3.3 to 4.0 mg./day in normal subjects after ten 
to fourteen days on the restricted diet. (Table 


TABLE IV 
URINARY EXCRETION OF N’-METHYLNICOTINAMIDE (NMN) 
AND TOTAL 5-HYDROXYINDOLE (5-HI) COMPOUNDS 


Case u* Case m1* Case vt Case vint 

NMN | 5-HI | NMN | 5-HI | NMN | 5-HI | NMN | 5-HI 

(mg./ | (mg./| (mg./ | (mg./| (mg./ | (mg./| (mg./ | (mg./ 

day) day) | day) day) | day) day) | day) day) 
1 1.10 582 1.88 447 3.65 354 4.05 258 
2 1.18 640 2.56 480 3.36 392 3.72 228 
3 1.38 645 2.50 481 3.38 325 3.38 237 
4 1.43 630 2.38 462 3.62 328 3.21 266 
5 1.31 624 2.70 460 3.38 330 3.48 | 185 


* Ad lib. food intake which provided greater than 1,000 mg. of 
tryptophan and 10 mg. of niacin per day. 

t Special restricted diet containing approximately 800 mg. of 
tryptophan and 10 mg. of niacin per day. 


1v.) The excretions in Cases m and m are 
low. In Cases rv and vim in which the 5-hydroxy- 
indole excretions are not as great, the NMN 
excretions approach normal values. 


Pharmacologic Studies. Reserpine: Shore et al. 
[77,78] have shown that the administration of 
reserpine to animals causes a release of serotonin 
from its body depots with a resultant outpouring 
of 5HIAA in the urine. The obvious implication 
in patients with carcinoid is to attempt to deplete 
tumor stores of serotonin by administration of 
reserpine. A patient (Case 1v) was given a total 
of 140 mg. of reserpine orally over a period of 
twenty-five days; 10 mg./day being administered 
during the last six days. A!though the drug was 
well tolerated, no change occurred in the daily 
excretion of 5HIAA. The resistance of the tumor 
to serotonin release by reserpine is consistent 
with its intestinal origin. Doses in the order of 
3 mg./kgm. in rabbits are required to deplete 
the intestinal tract of serotonin. 

It was shown by Haverback et al. [79] that 
the daily intramuscular administration of 1 mg. 
of reserpine in man for ten days reduced platelet 
serotonin by approximately 95 per cent. Com- 
parable doses in rabbits likewise resulted in a 
decline in platelet and brain serotonin but the 
level in the intestine showed no significant 
change. It seemed of interest to study the effect 
of reserpine on the elevated platelet serotonin 


levels of patients with carcinoid. Measurements 
were made over a period of several weeks in 
two patients (Cases 1v and vim), with initial 
dosage of 1.0 mg./day, later decreased to 0.5 and 
0.25 mg./day, respectively. The alterations in 
platelet serotonin are shown in Figure 2. With 
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Fic. 2. Effect of reserpine on platelet serotonin. Initial 
dosage was 1.0 mg./day. In Case vu, A, indicates change 
in dosage to 0.5 mg./day and B, indicates change in 
dosage to 0.25 mg./day. At C, the dosage in Case Iv was 
changed to 0.5 mg./day. 


the 1.0 mg. dose, the platelet serotonin fell to 
negligible amounts within ten days. It would 
appear that approximately 1 mg. per day is 
needed to maintain platelet serotonin depletion. 
Lowering the dosage of reserpine caused a rise 
in each case. It is of interest that a similar 
amount of reserpine released serotonin totally 
from normal platelets which contain 0.3 to 0.6 
ug. of serotonin per mg. of platelet protein as 
from carcinoid platelets, containing more than 
ten times this amount. Jn vitro studies by Shore et 
al. [20] show that the interaction of reserpine 
with serotonin is not of a competitive nature. 
Serotonin “‘antagonists’ and chlorpromazine: An 
agent which effectively blocks the physiologic 
effects of serotonin would be a useful addition to 
the management of these patients. As reported 
elsewhere [27], the hallucinogenic agent, lysergic 
acid diethylamide (LSD-25), a potent serotonin 
antagonist in smooth muscle, actually was found 
to induce symptoms of a type attributable to 
excess serotonin in two patients. There are now 
other reports of ‘“‘serotonin-like”’ action of LSD 
in vivo [22,23]. Cerletti and Rothlin [24] found 
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that 2-brom-p-lysergic acid (BOL-148) strongly 
antagonized the actions of serotonin on smooth 
muscle without producing psychic disturbances. 
When BOL was administered orally for several 
days to three patients (Cases u, m1 and Iv) in 
a maximal dose of 9.0 mg./day, it had no ap- 
parent effect on flushing or diarrhea. 

The drug which has proved most useful is 
chlorpromazine. Its administration appears to 
decrease the frequency and severity of flushing 
reactions, is of value in allaying anxiety and has 
been very effective in controlling the nausea 
which afflicts some of these patients. Although it 
has been reported that chlorpromazine antago- 
nizes certain effects of serotonin [25], it is possible 
that the efficacy of chlorpromazine in patients 
with carcinoid is unrelated to interaction with 
serotonin. 


Psychologic Evaluation. Current speculation 
concerning a possible role of serotonin in brain 
function and the demonstration that elevated 
brain serotonin levels in animals [75] are asso- 
ciated with behavioral disturbances prompted a 
psychologic and psychiatric evaluation of five of 
these patients (Cases u, mI, vil and vim). 
Although four of the five patients did demon- 
strate rather pronounced lability of mood, 
(becoming tearful rather easily) this slight altera- 
tion was not of such degree as to suggest any 
serious affective disorder and may have been no 
greater than one would find in any sample of 
patients with comparable serious organic dis- 
ease. Results of the Wechsler Adult Intelligence 
Test and Minnesota Multiphasic Personality 
Inventory Test also did not reveal any char- 
acteristic personality changes associated with 
carcinoid. 

These findings may be due to poor penetration 
of serotonin into the brain. In this regard, it has 
been shown that no increase in brain serotonin 
is observed following parenteral administration 
of large amounts of serotonin in animals [26]. 
The absence of serotonin in the spinal fluid of 
patients with carcinoid is again indicative of the 
inability of serotonin to penetrate into the cen- 
tral nervous system. 


COMMENTS 


On the basis of numerous case reports in the 
literature and the experience cited here it is 
apparent that metastatic carcinoid with asso- 
ciated “‘endocrine”’ manifestations is not a medi- 
cal rarity. Increasing awareness and the avail- 
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ability of a simple chemical means of diagnosis 
are resulting in more frequent recognition 
of the disorder, sometimes in stages preceding 
development of the entire carcinoid syndrome. 
The diagnostic limit of urinary 5HIAA measure- 
ment remains to be ascertained, as indeed does 
the matter of whether or not all tumors which 
are termed carcinoid by the pathologist actually 
produce serotonin. 

Although most clinical manifestations are 
explicable on the basis of the chemical ab- 
normalities, the cardiac involvement cannot be 
explained as yet and has not been produced 
experimentally. As already mentioned, an at- 
tractive hypothesis is that the endocardial lesions 
result from direct chemical irritation and that 
destruction of free serotonin in the lungs accounts 
for the preponderance of right-sided involve- 
ment. Although a pulmonary arteriovenous 
difference of free serotonin in plasma may exist, 
it has not yet been demonstrated. As was 
indicated earlier, the greatest difficulty in 
attempting to relate the cardiac abnormalities to 
levels of free serotonin is that our knowledge of 
the actual status of serotonin in the circulating 
blood is inadequate. Studies on binding of sero- 
tonin to platelets indicate that this is a rather 
complex phenomenon and that the degree of 
binding can be modified by such factors as pH 
and temperature. Since current methods of isola- 
tion of platelet-free plasma do not take these fac- 
tors into account, the significance of the serotonin 
measurements in plasma must be questioned. 
Experimentally, it is unlikely that attempts to 
produce cardiac lesions in animals with serotonin 
injections will be successful since the substance 
is rapidly metabolized. However, prolonged 
elevations of blood and tissue serotonin levels are 
obtainable by administration of the serotonin 
precursor, 5-hydroxytryptophan [75], and a 
study of this substance in rats is in progress. 

Chemical and pharmacologic studies on these 
patients are of value not only for a better under- 
standing of the disorder and development of 
therapy but also from the standpoint of research 
into fundamental aspects of serotonin action and 
metabolism. The demonstration of low urinary 
N’-methylnicotinamide and fasting plasma tryp- 
tophan levels in patients with advanced disease 
supports the previous concept that excess sero- 
tonin production results in a disorder of trypto- 
phan metabolism. Calculations of serotonin 
turnover, pool size and tumor mass from data 
obtained using radioactive 5-hydroxytryptophan 
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afford another measure of the magnitude of the 
disorder. Since urinary 5HIAA is a sensitive 
index of the mass of functioning tumor, its 
measurement will be useful in following the 
course of the disease and in evaluating the effec- 
tiveness of therapy designed to eradicate the 
tumor or to prevent formation of serotonin. 
Finally, the possibility of blocking serotonin ef- 
fects in these patients by various drugs requires 
further investigation. As yet no effective phar- 
macologic antagonist of serotonin in these 
patients has been found, with the possible excep- 
tion of chlorpromazine. The value of these 
patients in screening for drugs with antiserotonin 
activity is apparent. 

Studies in these patients have made it possible 
to solve several problems concerning serotonin. 
The most outstanding of these are the demon- 
stration that tryptophan is the dietary precursor 
of serotonin [7] and the recent isolation by 
Dalgleish [27] of 5-hydroxytryptophan from the 
urine of a patient with carcinoid with renal 
metastases. The latter finding represents the 
first direct demonstration of this amino acid in 
mammals and provides the final evidence needed 
to establish 5-hydroxytryptophan as the inter- 
mediate between tryptophan and serotonin. 


SUMMARY 


1. Studies on nineteen patients with meta- 
static carcinoid are presented. 

2. Additional case reports illustrate the varia- 
bility of clinical manifestations associated with 
carcinoid. It is now clear that some patients with 
extensive metastatic carcinoid do not show all, or 
even the predominant manifestations of the 
‘carcinoid syndrome.” 

3. Chemical analyses confirm previous find- 
ings of excess serotonin production in this dis- 
order. Also, the findings of low fasting plasma 
tryptophan and urinary N’-methylnicotinamide 
in some patients substantiate previous sugges- 
tions of a disorder in tryptophan metabolism in 
this condition. 

4. A tracer study, in one patient, with the 
serotonin precursor, 5-hydroxytryptophan, en- 
abled calculation of the tumor pool of sero- 
tonin (2,800 mg.), its turnover rate (one-half 
life of five and one-half days), and the tumor 
mass (between 1 and 3 kg.). 

5. Increases in the urinary excretion of 
5-hydroxyindoleacetic acid (5HIAA) in a pa- 
tient during severe flushing episodes suggests 
that the flushes are mediated by increased sero- 


tonin release even though no concomitant rise in 
blood serotonin could be measured. 

6. Cardiac catheterization studies revealed no 
measurable differences in the serotonin content 
of mixed venous and arterial blood which, if 
present, might account for predominant right- 
heart involvement. It is suggested that if a pul- 
monary arteriovenous serotonin difference does 
exist, it is in that portion which is free in the 
plasma. Difficulties in determining plasma sero- 
tonin are discussed. 

7. The absence of serotonin in cerebrospinal 
fluid and the essentially negative results of 
psychologic evaluation in five patients probably 
indicate that serotonin does not penetrate readily 
into the central nervous system. 

8. With the possible exception of chlor- 
promazine, drug therapy has proved ineffective. 
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Determination of 5-Hydroxytryptamine, 
5-Hydroxyindole Acetic Acid and Histamine 
in Thirty-three Cases of Carcinoid Tumor 
(Argentaffinoma)’ 


BENGT PERNOw, M.D. and JAN WALDENSTROM, M.D. 


Stockholm, Sweden 


T now seems to be generally accepted that 
metastatic malignant abdominal carcinoid 
(argentaffinoma) causes a syndrome of which the 
predominant symptoms are flushing [7a], right- 
sided valvular lesions of the heart and increased 
peristaltic activity. It was suggested [76,2] that 
these symptoms were due to secretion of 5-hy- 
droxytryptamine (enteramine, serotonin) by the 
carcinoid tumor. This hypothesis was supported 
by the finding that large amounts of 5-hydroxy- 
tryptamine (5HT) could be extracted from a 
carcinoid tumor (2.5 mg. per gm. tissue) [3a,6]. 
The explanation of the symptoms put forward 
by Waldenstrém was further confirmed by 
Pernow and Waldenstrém [4] who reported 
increased amounts of 5HT in the blood serum 
and urine in two cases of metastasizing carcinoid 
(carcinoidosis). An extremely high urinary ex- 
cretion of 5-hydroxyindole acetic acid (SHIAA) 
has been found in such cases, another indication 
of the increased formation of 5HT in this 
disease [5-8]. 

The finding of an abnormally high concentra- 
tion of 5HT in the blood and urine in carcinoido- 
sis has subsequently been confirmed by several 
investigators [9-75]. The amounts reported in 
blood serum have varied between 0.2 and 6.5 
pg. per ml. whereas normal values are 0.03 to 0.2 
ug. per ml. [9,74,/6,77]. Pernow and Walden- 
strém [78] and Sjoerdsma et al. [75] found that 
the 5HT content of the blood in patients with 
carcinoid tumor was bound to the platelets and 
that practically no 5HT activity was present in 
platelet-free plasma, as in normal persons. Snow 
et al. [9], however, reported considerable 
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amounts of 5HT in platelet-poor plasma in two 
cases. The urinary excretion of 5HT in patients 
with carcinoid has been reported to be 0.4 to 
20 wg. per ml. [9,70], whereas 0.01 to 0.7 ug. per 
ml. can be extracted from normal urine [ /0,75,79). 

The normal twenty-four-hour urinary excre- 
tion of 5HIAA has been reported to be 3 to 6 mg. 
[20], 2 to 10 mg. [27] and 2 to 8 mg. [6]. In 
subjects with carcinoid this excretion is greatly 
increased, to amounts between 60 to 2,000 mg. 
per twenty-four hours. The daily 5HIAA excre- 
tion, which normally is very constant [27], is 
subject to marked daily variation in carcinoido- 
sis [7,9]. 

In this paper twenty-two cases of metastatic 
abdominal carcinoid tumor are presented. The 
diagnosis was established by clinical, biologic, 
chemical and microscopic observations. Urine 
specimens from eleven patients, after probably 
complete resection of carcinoid tumor, have.also 
been examined. The results of repeated analyses 
of 5HT and 5HIAA in the blood and urine of 
several patients are recorded. In nine cases the 
urinary excretion of histamine also has been 
studied. In a preliminary study this was shown 
to be increased in some but not in all cases [78]. 


METHODS 


Preparation of 5HT Extracts. The blood serum was 
mixed as soon as possible with 20 volumes of acetone 
and thereafter kept in the cold (+4°c.) overnight. 
After centrifugation the acetone was evaporated in 
vacuo from the clear centrifugate. The residue was used 
without delay for assay. 

The method employed to prepare extracts from 
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urine depended on its content of 5HT. Twenty vol- 
umes of acetone was always immediately added to the 
urine. It was then treated as described for serum. If 
0.05 ml. of urine did not give any measurable effect 
on the intestine in the assay, it was further purified 
according to a method modified after Bumpus and 
Page [22]. The urine was acidified to pH 5 with HCl 
and concentrated in vacuo at 30°c. to }4 9 of the original 
volume. It was thereafter incubated with urease 
(5 gm. per 100 ml. original urine) for three hours at 
45°c. Methanol was added to 30 volumes per cent and 
an additional 20 volumes of acetone, with stirring. After 
centrifugation the acetone was evaporated, the residue 
mixed with aluminum oxide (2 gm. per 10 ml. of 
extract) and filtered. The filtrate was then used for 
assay. 

Extraction of Histamine from Urine. The histamine 
was adsorbed on an ion exchange column (Amberlite 
IRC-50) according to a method outlined by Berg- 
str6m and Hansson [23], modified for blood and urine 
by Dunér and Pernow [24]. 

Extracts of tissue have been made, in part by the 
method described by Feldberg and Toh [25]. After 
removal at operation the tissue was placed in acetone. 
It was then finely minced with a pair of scissors, 
ground with sand in acetone, and kept in the acetone 
overnight at +4°c. After filtration the solid residue 
was again ground up with small amounts of fresh 
acetone. To the combined filtrates was added 2 to 5 
ml. of water and the acetone evaporated in vacuo at 
room temperature. The residue was then immediately 
used for assay. 

Biologic Assay. The extracts of blood serum, urine 
and tissue were assayed for their 5HT activity using 
the isolated rat colon or uterus. The bath volume was 
3 ml., as bath fluid a Tyrode solution was used, with 
reduced Ca** content. The fluid was aerated with 
pure oxygen and kept at a temperature of 28°c. To 
the bath fluid was added atropine sulphate (1 mg./L.). 
Rat colon was used for routine work since it seems to 
be a better test object for urine analyses. The uterus 
is more sensitive for contaminating substances in the 
urine. The histamine activity of the extracts was 
assayed on the isolated guinea pig ileum in Tyrode’s 
solution to which dihydroergotamine (5 wg. per ml. 
bath fluid for ten minutes) usually was added in order 
to abolish the effect of 5HT. 

Determination of the 5HIAA content of the urine was 
carried out by the colorimetric method of Udenfriend, 
Titus and Weissbach [27] using 1-nitroso-2-naphthol 
as reagent. 

As a rapid test for identification of large amounts of 
5HIAA the urine was mixed with equal amounts of 
Ehrlich’s reagent [7]. A dark blue color develops in 5 
to 8 hours. The reaction is positive if the urine con- 
tent of 5HIAA is greater than 0.03 mg. per mi. 

Paper chromatography of 5HT and 5HIAA was carried 
out with butanol/acetic acid/water (40:10:50) as 
solvent. The papers were developed with Ehrlich’s 
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reagent. For the identification of 5HIAA the urine was 
chromatographed without any treatment beforehand, 
whereas 5HT was usually detectable only after con- 
centration of urine and precipitation of salts and pro- 
teins with acetone. Before chromatography the serum 
was mixed with 20 volumes of acetone, centrifuged 
and concentrated in vacuo. The chromatographic 
method was used only for qualitative identification of 
the substances. 

The 5HT activity was assayed against serotonin 
creatinine sulphate (Abbott Laboratories). The 
5HIAA was synthesized and kindly supplied by Dr. 
Asero, Farmitalia, Milan, Italy. The figures for 5HT 
and histamine given in this paper refer to the bases. 

The Specificity of the 5HT Determination. The evi- 
dence that the biologically active principle was 5HT is 
as follows: 

1. Solubility: The substance was soluble in 95 per 
cent acetone and alcohol, but was insoluble in ether. 
The effect could therefore not be due to any biologi- 
cally active polypeptide such as posterior pituitary 
hormones, bradykinin, substance P, kallidin, sub- 
stance U (Beraldo [26] or the substance recently 
found in urine by Gomes [27]). It could also not be due 
to adenosine compounds or potassium salts, which are 
practically insoluble in 95 per cent acetone. 

2. Stability: The substance is stable when boiled in 
neutral solution but is unstable in N HCl and 
N NaOH, which is in conformity with the results by 
Amin, Crawford and Gaddum [28]. 

3. Enzymatic inactivation: The active principle is not 
inactivated by trypsin or chymotrypsin, which ex- 
cludes the presence of active polypeptides. It is also 
not inactivated by purified histaminase. 

4. Biologic action: The substance stimulates the 
isolated guinea pig ileum, rat colon and rat uterus. 
This effect is not blocked by atropine or antihistaminics 
in specific doses. It is blocked by tryptamine, dihydro- 
ergotamine or large doses of 5HT, drugs which are 
known to have a specific action on the tryptamine 
receptors [29]. The rat colon and uterus used for 
assay are practically insensitive to histamine. Acetyl- 
choline causes a contraction but atropine was 
routinely used to prevent errors due to this drug. It is 
not likely that adrenaline or noradrenaline were 
present in the urine in amounts sufficient to diminish 
the stimulating effect of 5HT. 

5. Paper chromatography: Extracts of blood serum and 
urine from the patients with carcinoid gave, after 
developing with Ehrlich’s reagent, a positive spot 
with the same RF value as 5-hydroxytryptamine 
creatinine sulphate. Biologic assay of strips of cor- 
responding papers also indicated that this spot really 
represented the 5HT activity of the extracts. 

The Presence of Histamine in the extracts was demon- 
strated by the following biologic and chemical 
methods: 

1. The extracts had a stimulating effect on the 
isolated guinea pig ileum, but had practically no effect 
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TABLE I 
3 RESULTS OF 5-HYDROXYTRYPTAMINE (5HT) AND 5-HYDROXYINDOLE ACETIC ACID (5HIAA) ANALYSES IN 
NON-OPERATED CASES AND IN OPERATED CASES IN WHICH THE CARCINOID TUMOR WAS NOT 
COMPLETELY RESECTABLE 
= 5-Hydroxytryptamine 
5HIAA (urin-) Ti 5HT* 
Case Flush Blood Serum Urine (mg. /24 hr.) Diagnosis 
(ug. /ml.) (ug./24 hr.) | (normal: 2 to 10) 
(normal: 0.03 to 0.2) | (normal: <200) 
With Increased Amounts of 5HT and/or 5HIAA 
2. E. P 4.3 CL 
3 3. H. B. + 0.9 Se aaa ee 23.7(L) | CLM 
x 
5. A. J. + 1.4 CL 
6. V.M + 0.45 
7. E.H 0.9 CL 
8. J. Jt + 0.25 45 432(T) | Cin teratoma 
9. J.B + 0.05 100 Cc 
16 
10. R. E. + 0.3 690 CL 
11. L. C. + CL 
12. V.W + 720 452 Pere 
13. M.N + 0 100 50 CL 
14. M.C + 300 CL 
15. H.S 0 0.15 410 CLM 
16. T. N. + 220 CL 
17. O. P. 0 CM 
18. E. H. + Cc 
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TABLE 1 (Continued) 
RESULTS OF 5-HYDROXYTRYPTAMINE (5HT) AND 5-HYDROXYINDOLE ACETIC ACID (5HIAA) ANALYSES IN 
NON-OPERATED CASES AND IN OPERATED CASES IN WHICH THE CARCINOID TUMOR WAS NOT 
COMPLETELY RESECTABLE 


| 5-Hydroxytryptamine 
5HIAA (urine) 
Cac | Fhush| | (mg. /24 hr.) Diagnosis t 
| (ug. /ml.) (ug. /24 hr.) (normal: 2 to 10) 
| (normal: 0.03 to 0.2) | (normal: <200) 
With Increased Amounts of 5SHT and/or SHIAA 
19. S. o | 620 CLM 
| 
20. A. L > | 570 21 205 (M) CM 
21. O.O an | 
| 
With Normal Amounts of 5HT and 5HIAA 
Bit. | | Paabed 100 4 15 (T) CM 
R.L.E.| + | 0.3 4620 nn eer Bone metastases; 
primary? 
0.3 4205 Histology uncer- 
tain 


*L = Liver metastases, T = Primary tumor, M = Mesenteric node metastases 
+ C = Carcinoid, CL = Carcinoid metastasizing to liver, CM = Carcinoid metastasizing to mesenteric nodes. 
t After complete resection of an ovarial teratoma the flushes disappeared and the excretion of 5HIAA became nor- 


mal. This case will be reported in detail elsewhere. 


on the rat colon or uterus. They had a marked de- 
pressant action on the blood pressure of the cat. 
The effects on the guinea pig gut and the blood 
pressure of the cat were completely inhibited by 
antihistaminics. 

2. The activity of the extracts was completely 
destroyed by highly purified histaminase prepara- 
tions. 


CASES 


The case material consisted of thirty-three patients 
with abdominal carcinoid tumour (argentaffinoma), 
the diagnosis in each instance being verified by 
histologic examination; and one case (R. L. E.) of 
“‘carcinoma’”’ of unknown type, previously described 
by Waldenstrém, Pernow and Silwer [30]. Fourteen pa- 
tients (Cases 1, 2, 3, 6, 8, 16, 17, 18, 21, 26, 27, 28, 29 
and 31) have been observed and followed up by us. 
Cases 1, 2, 3 and 6 have been described in detail by 
Waldenstrém and Ljungberg [37]. Further clinical 
studies on these cases will be published by Thorson. 


Jury, 1957 


Some of the 5HIAA determinations in these patients 
were made by A. Hanson, for which assistance we 
want to express our thanks. These figures are included 
in Table 1. The other patients have been examined and 
diagnosed in different Swedish hospitals. A detailed 
study of Case 4 has been published by Molander [32]. 
In these patients we have performed only the biologic 
and chemical analyses. 

Since our intention was to study the significance 
of 5HT and 5HIAA analyses, the material has been 
divided into two parts: (1) Patients who were ex- 
amined before operation or in whom complete resec- 
tion of the tumor was not possible (Table 1) and (2) pa- 
tients in whom resection was probably complete. 
(Table u.) The chief symptoms in most cases in group 
1 have been attacks of flushing, borborygmus, diar- 
rhea, asthma and, in some cases, right-sided valvular 
disease of the heart. In six patients (Cases 5, 6, 7, 8, 12 
and 14) operation had been performed after the bio- 
logic and chemical analyses had shown the presence of 
5HT-producing tumor tissue. The other patients had 
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TABLE II 
RESULTS OF 5HT AND 5HIAA ANALYSES IN CASES IN WHICH THE CARCINOID TUMOR PROBABLY WAS 
COMPLETELY RESECTED 


5-Hydroxytryptamine 
, Tissue (primary 
Case Flush payor tumor) Location of Carcinoid Tumor 
Blood serum urine (ug./gm.) 

(ug-/ml.) | (ug./24 hr.) 
23. M. T. a aera <150 3 65 Colon, meiastases to umbilicus 
24. A. R. 0 <0.05 <150 5 Rectum 
25. B. S. _ <100 3 Appendix 
26. S. S. 3.7 Cecum 
27. S. K. 20 Ileum 
28. H. 18 Appendix 
29. G. P. 12 Tleum 
30. A. P. 15 Tleum 
31. H. A. <100 4 | Appendix 

32. E. E. 13 _Tieum 


been operated upon with the suspicion of conditions 
such as cancer coli and appendicitis, or the carcinoid 
tumor was accidentally found at laparotumy under- 
taken for other reasons. Patient R. L. E. has a malig- 
nant tumour of unknown primary site, with metastases 
to the lungs and the skeleton. Biopsy of a skeletal 
metastasis revealed a carcinoma of unknown type, 
possibly a carcinoid. 

Many cases were followed with repeated biologic 
and chemical assay over a period of up to two years. 

Another series (Table 1) comprises cases in which 
the carcinoid tumor was detected at operation 
and completely resected. These patients had no 
clinical symptoms typical of the carcinoid syndrome 
before or after the operation. No metastases were 
detected at laparotomy. 


RESULTS 


The biologic and chemical analyses in the non- 
operated and not completely resected carcinoid 
cases (Table 1 and Fig. 1) gave the following 
results: 

5HT. The 5HT assay was made in blood 
serum in thirteen cases and in urine in fourteen 
cases. Large amounts were found in the blood in 
nine patients, in the urine in ten patients. Nor- 
mal values were obtained in the remaining cases 
(Cases 9, 13, 16 and 22). The figures for 5HT in 
the blood serum varied between 0.05 and 5.2 
ug. per ml. and in the urine between 0.1 and 
4.2 ug. per ml. (0.1 to 4.6 mg. per twenty-four 
hours). 


Extracts of carcinoid tumor tissue, taken at 
operation in five cases, were also assayed for 
5HT. The tissue consisted of the primary tumor 
and metastases to the liver and the lymphatic 
glands. The 5HT content of these tissue extracts 
varied from eighteen to 432 ug. per gm. wet 
weight, the highest activity being found in 
the primary tumor of the patient in Case 8. 

5HIAA. The urinary excretion of 5HIAA 
was repeatedly studied in twenty-one patients. 
High values were obtained in all cases except 
one (Case 22). The figures varied between 14 
and 452 mg. per twenty-four hours (normal 2 to 
10). 

Histamine. ‘The excretion of histamine in the 
urine varied greatly in the nine tumor cases in 
which this assay was performed. (Table u1.) 
In seven cases the histamine excretion was 
greater than normal. The highest excretion of 
histamine was found in patient R. L. E. with a 
twenty-four hour value of 4.6 to 6.8 mg. (For 
details see Waldenstrém, Pernow and Silwer [30].) 
In Case 22, in which a histologically verified 
metastasizing carcinoid was found (without, 
however, any general symptoms), the urinary 
excretion of histamine was probably signifi- 
cantly increased (54 wg. per twenty-four hours). 
The 5HT and 5HIAA figures were quite normal 
in this case. In case R. L. E. the histamine con- 
tent of the blood serum also was determined. 
This was found to be 0.3 ug. per ml. (normal 
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Fic. 1. Data in non-operated and not completely resected carcinoid cases. 


<0.03 wg. per ml.). Since these results were 
reported [4], Snow et al. [9] published histamine 
determinations in two cases of carcinoids. The 
histamine figures found were quite normal. 

The results of the 5HT and 5HIAA analyses in 
the patients with carcinoid who did not show any 
signs of carcinoidosis are collected in Table 1 and 


TABLE I 
URINARY EXCRETION OF HISTAMINE, 5HT AND 5HIAA IN CASES 
OF CARCINOID TUMOR 


Histamine 5HT 5HIAA 
Case (ug. per 24 hr. | (ug. per 24 hr. | (mg. per 24 hr. 
normal: 6 to 19) | normal: <200) | normal: 2 to 10) 


Not explored or tumor not completely excised 


8. J.J 27 125 22 
38 eee 45 
9 J.B 40 19 
8 6 
10. R.E 48 1320 | 150 
12. V. W 125 790 452 
900 220 170 

| 
19. S. 15 620 46 
12 48 
20. A. L. 570 21 
22 2 
54 <100 4 
R.L. E. "4600 4625 105 
6800 4205 90 
4700 2700 

Tumor probably completely resected 
26. S. S. | 4 


jury, 1957 


Figure 2. The 5HT content of the blood serum 
and urine was normal. The urinary excretion of 
5HIAA varied between 3 and 20 mg. per twenty- 
four hours. 


MT ARBSSSSK H GPAPHAEE EG 
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COMMENTS 


The diagnostic importance of 5HT determina- 
tions in blood and urine, and of its metabolite, 
5HIAA, in urine, in cases with carcinoid tumor 
is quite evident from the results presented herein. 
This applies both to establishing the diagnosis 
and to evaluation of the extent of operative 
extirpation or of metastatic spread. In Cases 5, 6, 
7, 8, 12 and 14 the biologic and chemical in- 
vestigations established the diagnosis, which was 
thereafter verified at laparotomy and by micro- 
scopic studies. In Cases 9, 14, 15 and 16 re- 
peated postoperative analyses showed that spread 
of the tumor had occurred, which was confirmed 
in the three last named cases by re-exploration. 

A distinctly elevated 5HT level in blood serum 
and urine, and of 5HIAA in urine, was demon- 
strated in those cases in which the flushing, 


SHT |HIAA 
in in 
blood] urine 
2,0 7 100 
154 75 
1,0 50 
054 25 
| 
HIAA 
in 
urine 
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typical of carcinoid, was the predominant 
symptom. With regard to 5HT, case 13 was an 
exception, the patient showing pronounced 
flushing without increase in serum 5HT, and a 
greatly elevated urinary output of 5HIAA. In 
this instance there may have been a technical 
error in the extraction procedure or incorrect 
preparation of the specimen before transport. 
We were unable in this series to establish any 
definite correlation between the severity of flush- 
ing and the 5HT content of blood or urine, since 
we had no opportunity to observe all the cases 
ourselves. However, Cases 1 and 2 showed unu- 
sually marked flushing and the highest 5HT 
content hitherto found in the blood. 

In the verified cases of carcinoid without flush 
symptoms, elevated 5HT and 5HIAA values 
were observed in only one patient (Case 15), in 
whom carcinoid of the appendix was discovered 
at operation for appendicitis. The patient was 
readmitted some years later for investigation of 
anemia and fatigue. He did not complain of any 
flush symptoms, nor were any observed at the 
hospital. Since the 5HT and 5HIAA values 
were clearly abnormal he was re-explored. Liver 
metastases and numerous mesenteric node me- 
tastases were found. 

There should be no doubt that the general 
symptoms which dominate the clinical picture 
in abdominal carcinoid are due to secretion of 
5HT from the tumor tissue, as reflected in the 
elevated 5HT content of the blood serum. Identi- 
cal effects have been produced by infusion of 
5HT into human and laboratory animals. The 
flush symptom was experimentally duplicated 
by Roddie et al. [33], who showed that infusion of 
5HT into the human brachial artery produced 
a deep red flush in the injected arm, which 
gradually became increasingly cyanotic. Con- 
comitantly there was an increase in volume of 
the forearm and hand, and reduced dissipation 
of heat. These phenomena were due to pro- 
nounced contraction of arteries and arterioles 
and dilatation of capillaries and venules. This 
symptom has also been observed after intra- 
venous injection of 5HT [34]. Reid and Rand 
[35] studied in detail the action of 5HT on the 
pulmonary circulation and recorded a greatly 
elevated pressure in the right ventricle and pul- 
monary artery, as well as bronchoconstriction. 
The marked stimulating effect of 5HT on smooth 
muscle, notably in the alimentary tract, has been 
studied most extensively by Erspamer [36]. 
Borborygmus and abdominal pains have also 


been observed after intravenous administration 
of 5HT in man [37]. 

All patients in this series who had flush symp- 
toms and presented high 5HT and 5HIAA levels 
had carcinoid tumors with liver metastases 
(except Case 8). It seems probable, therefore, 
that general symptoms usually do not appear 
until the tumor has metastasized to the liver. 
The liver metastases are therefore likely to con- 
stitute the principal 5HT-producing tissue. In 
Cases 1 and 2 flushing continued after the pri- 
mary tumor had been excised. The only patient 
with carcinoid (Case 22) in whom preoperative 
assays of 5HT and 5HIAA showed normai values 
had a tumor of the small intestine with mesen- 
teric node metastases but no demonstrable liver 
metastases. This patient had presented no flush 
symptoms. Hence it cannot be claimed that 
normal 5HT or 5HIAA values prove the 
absence of lymphatic metastases but probably do 
of large hepatic metastases. 

Waldenstrém and Ljungberg [37] discussed 
the possibility of distinguishing different types of 
carcinoid tumors either by histologic differentia- 
tion or by chemicobiologic studies. Case 22 
may perhaps serve to illustrate this problem by 
representing, in the endocrine sense, a more 
benign type than the others in this series. The 
patient in question underwent operation for 
cholecystitis, and inspection of the abdomen 
disclosed an intestinal tumor which had the 
typical microscopic structure of a carcinoid. 
Mesenteric node metastases were discovered at a 
second operation. This patient showed none of 
the symptoms characteristic of metastasizing 
carcinoid. The primary tumor contained 15 ug. 
5HT per gm. of tissue, a value normal for 
intestinal tissue. The possibility nevertheless 
exists that if metastatic spread to the liver con- 
tinues this tumor may produce the complete 
symptomatology of carcinoidosis later on. The 
urine content of 5HIAA was normal. 

The value of repeated determinations of 
urinary 5HIAA in suspected cases of carcinoid 
was illustrated by Hanson and Serin [7]. We 
would emphasize this, in particular for post- 
operative follow-up. In two of our patients (Cases 
9 and 18) the observed 5HIAA values were only 
slightly above the normal, and in some cases 
abnormal values were not obtained until re- 
peated examinations had been made. This is 
well illustrated by Case 9. 

It is noteworthy that so often, when the 
chemical findings did not indicate the presence 
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of metastases, the values for 5HIAA nevertheless 
were slightly above the normal (Cases 27, 28, 29, 
30, 32). Our data are not yet sufficient for a dis- 
cussion of this finding. Perhaps there are cases 
with hypertrophy of the yellow cells without 
discrete tumors. Further anatomic and clinical 
results will be needed to clarify this point. 

The elevation of the 5HT content of the blood 
runs parallel with the increasec urinary output 
of 5HIAA. Although from a physiologic point of 
view greater interest attaches to a study of the 
biologically active constituent (5HT), deter- 
minations of 5HIAA are definitely to be recom- 
mended as a routine procedure when there is 
suspicion of carcinoid or in postoperative fol- 
low-up. This latter method of determination is 
simpler and requires less laboratory equipment; 
5HIAA is considerably more stable than 5HT 
and hence the values obtained are more reliable. 
The moderate increase in blood 5HT in these 
cases doubtless reflects substantial secretion of 
5HT from the tumor tissue. The greater part of 
this substance is taken up by the tissue [38] and 
the platelets [39]. It is known that 5HT is broken 
down by aminoxidase [40]. This portion of the 
secreted 5HT can also be determined in the 
form of 5HIAA in the urine. It has been shown, 
however, that there are also other metabolites of 
5HT [8,22]. 

The fact that both histamine and 5HT may be 
found in increased amounts in the blood and 
urine in these cases suggests some relationship 
between these substances in the body. Other ob- 
servations also speak in favor of this suggestion. 
It has been pointed out by Douglas et al. [47] 
that the distribution of 5HT in the mucosa of the 
stomach is very similar to that of histamine. 
Recently, the presence of both histamine and 
5HT has been demonstrated in the mast cells 
(Benditt et al. [42]). We have studied the urinary 
excretion of histamine and 5HIAA in one case of 
urticaria pigmentosa. The histamine value was 
very high (189 ug./24 hr.) whereas the 5HIAA 
excretion was normal (6.2 mg./24 hr.) [43]. 

Nothing is known about the mechanism of 
release of histamine in these patients. It might 
be assumed that the tumor cells produce both 
5HT and histamine. 

Another explanation might be that increased 
formation of 5HT in the tumor cells leads to 
secondary release of histamine. This would be in 
conformity with the results of Feldberg and 
Smith [44] who showed that 5HT can release 
histamine from living cells. 


¢957 


SUMMARY 


Determinations of 5-hydroxytryptamine 
(SHT) in blood serum and urine and of 5-hy- 
droxyindole acetic acid (SHIAA) in urine were 
made in thirty-three cases of abdominal car- 
cinoid tumor (argentaffinoma). 

The cases were divided into two groups: 
(1) Twenty-two cases which were examined 
before operation or in which the tumor was not 
completely resected. The 5HT analyses showed 
increased values in blood and/or urine in 
seventeen of eighteen cases, with figures ranging 
from 0.15 to 5.2 wg. per ml. blood serum and 
0.1 to 4.2 wg. per ml. urine. Abnormally high 
5HIAA values were obtained in nineteen of 
twenty cases (12 to 452 mg. per 24 hr.). (2) 
Eleven cases in which the tumor had been re- 
moved, probably in toto. In this group the 5HT 
and 5HIAA figures were normal or slightly 
increased. 

In eight cases in group 1, and in one “cancer”’ 
patient (R. L. E.), the urinary excretion of 
histamine also was studied. In seven cases an in- 
creased excretion was found, with figures 
ranging from 27 (borderline value) to 6800 ug. 
per twenty-four hours. There was striking varia- 
tion in these values. The significance of the 
correlation between increased 5HT metabolism 
and the general symptoms of carcinoidosis is 
discussed, together with the significance of the 
increased urinary excretion of histamine. 

Of unusual interest is Case 8 in this series, a 
patient who showed high values for HIAA in 
urine, chronic flushing of the face, signs of pul- 
monary heart disease and “‘pellagra.’”’ She was 
found to have a non-malignant ovarian teratoma 
with argentaffine cells in large numbers. After 
operation all symptoms (except the cardiac) 
disappeared and the excretion of HIAA has 
remained normal. 


Acknowledgments: We want to thank a great 
number of colleagues from this country and from 
abroad through whose interest in this investiga- 
tion valuable case material was afforded us for 


study. 
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Lactescence of Serum Following Episodes 
of Acute Alcoholism and Its Probable 
Relationship to Acute Pancreatitis’ 


MArGARET J. ALBRINK, M.D. and GERALD KLATSKIN, M.D. 


New Haven, Connecticut 


IGH concentrations of triglyceride (neutral 
fat) in particulate form impart a char- 
acteristic milky turbidity to the blood serum 
known as lactescence [7], a condition that has 
been observed in patients with diabetic acidosis, 
nephrosis, familial hyperlipemia or acute pan- 
creatitis. The accumulation of lipids in the serum 
appears to be related to the defect in carbohy- 
drate metabolism in patients with diabetic 
acidosis [2], and to the decrease in serum al- 
bumin in patients with nephrosis [3], but its 
pathogenesis in both familial hyperlipemia and 
in pancreatitis is obscure. f 
Lactescence of serum occurs in only a small 
proportion of patients with acute pancreatitis. 
In some patients, both the lactescence and the 
pancreatitis appear to be manifestations of an 
underlying familial hyperlipemia [4], while in 
other patients the lactescence appears to be 
directly related to the pancreatitis itself [5-7]. 
Although mild glycosuria is an occasional com- 
plication, the hyperlipemia is rarely if ever due 
to diabetic acidosis. In the group with familial 
hyperlipemia, the pancreatitis is usually of the 
relapsing type and has its onset in childhood or 
early adult life. Characteristically, the hyper- 
lipemia is sustained, except for brief periods 
following an attack, and may be accompanied 
by xanthomatosis and lipemia retinalis. Occa- 
sionally there is a family history of recurrent 
abdominal pain or xanthomatosis, and blood 
studies may confirm the familial nature of the 
hyperlipemia. Following stringent restriction of 
dietary fat, the serum clears, xanthomas vanish, 
t At the Third International Conference on Biochemi- 
cal Problems of Lipids, Brussels, July 1956, Havel re- 


ported evidence suggesting that familial hyperlipemia is 
caused by a deficiency of lipoprotein lipase. 


and attacks of pancreatitis cease [4]. In the non- 
familial group, the onset of pancreatitis is in the 
fourth decade or later, relapses are an inconstant 
finding, and lactescence of serum is a transient 
phenomenon which may last from a few hours 
to several days. A similar type of transient hyper- 
lipemia has been observed in dogs with experi- 
mentally induced hemorrhagic pancreatitis [8]. 

The purpose of this paper is to report the 
occurrence of serum lactescence following bouts 
of acute alcoholism and to indicate the probable 
relationship of this type of hyperlipemia to acute 
pancreatitis. The five patients to be described 
were all middle-aged chronic alcoholic subjects 
with abdominal pain who exhibited marked but 
transient lactescence of the serum. In none was 
there evidence of familial hyperlipemia. The 
diagnosis of acute pancreatitis was established 
by laparatomy performed in one and was 
considered highly probable on clinical grounds 
in the others. The serum lipid values are shown 
in Table 1. The lipids determined were total 
fatty acids, total and free cholesterol, and lipid 
phosphorus. Triglyceride (neutral fat) was cal- 
culated by difference. The methods used have 
been previously described [9]. 


CASE REPORTS 


Case 1. E. S. (B32010), a thirty-eight year-old 
white man, was admitted to the hospital on November 
28, 1945, with acute delirium tremens and burning 
epigastric pain. He gave a history of chronic alco- 
holism and an alcoholic bout just prior to admission. 
On examination the temperature was 38°c. There was 
considerable epigastric tenderness and spasm. The 
liver was palpable 4 fingerbreadths below the right 
costal margin. The serum was markedly lactescent. 
On admission the leukocyte count was 7,300 per cu. 


* From the Department of Internal Medicine, Yale University School of Medicine, New Haven, Connecticut. Supported 
in part by a Research Grant from the U. S. Public Health Service. 
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TABLE I 
SERUM LIPIDS IN PATIENTS WITH LACTESCENCE OF SERUM FOLLOWING ACUTE ALCOHOLISM 
T | 
| | Cholesterol Tri 
Total | Lipid 
Case Age Fatty Phos- wyessits 
= Sex Date ; Fatty 
No. | (yr.) Acids Total Pica Free | phorus Acids 
(mEq-/1-)) (ng. %) | (mg. %) | 672), | %) | 
Total 
1 (B32010) | 38 | M | 11/28/45 141.0 713 518 73 54.8 104.0 
11/29/45 53.4 598 464 78 | 48.4 22.5 
12/3/45 30.2 579 301 52 | 29.7 5.2 
| 12/6/45 20.9 432 161 37 18.0 6.8 
| 12/13/45 12.7 267 80 30 11.4 4.0 
u (A84592) 38 | M | 7/7/51 preoperatively 82.8 694 262 
8 hr. postoperatively 22.3 498 136 
| 9/15/52 (midnight) 167.5 1105 460 42 52.6 100.3 
| 7:00 a.m. 84.4 814 337 41 35.8 51.3 
| 9/16/52 26.4 562 209 37 22.9 3.1 
| 9/23/52 23.4 404 
| 10/26/52 16.7 202 63 31 14.6 4.6 
ut (37-62-54) | 42 | M | 8/25/52 | 82.0 304 172 57 25.4 64.0 
| 8/28/52 13.8 120 72 60 8.7 7.6 
| 9/2/52 | 14.2 96 43 | 45 6.3 6.1 
tv (58575) | 43 | M|2/5/52 9.5 we 
| 2/6/52 32.8 | 397 
| =| 13/5/52 21.6 | 319 74 | 23 12.7 7.8 
| | 10/21/55 (8:00 p.m.) 52.8 | 341 o” ft 18.8 37.8 
| 10/24/55 16.7 222 95 43 11.9 6.5 
11/2/55 17.0 213 73 34 11.0 8.0 
v (93704) |M 8/20/53 64.2 | 457 | 286 62 | 24.3 45.7 
| 12.3 | 194 | 54 28 9.2 3.1 
| 


mm., fasting blood sugar, 83 mg. per cent; the icterus 
index, 7; urine bile, 1 plus; urine urobilinogen, 2 plus. 
Two days later total serum proteins were 5.8 gm. per 
cent, albumin, 3.1 gm. per cent; globulin 2.7 gm. per 
cent; cephalin-cholesterol flocculation test, 1 plus in 
twenty-four hours, 3 plus in forty-eight hours. On 
symptomatic treatment the mental symptoms cleared 
and the size of the liver decreased rapidly. The course 
was afebrile after the day of admission. The concentra- 
tion of serum lipids dropped precipitously, becoming 
normal within two weeks. The etiology of the abdomi- 
nal pain was not investigated. The tentative diagnosis 
was atypical hepatitis. 


Case u. H. C. (A84592), a thirty-eight year old 
Negro man, was admitted to the hospital for the first 
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time on July 6, 1951, with crampy abdominal pain of 
two days’ duration and vomiting for twelve hours. He 
had been a heavy drinker for many years. He had 
suffered fat intolerance for eight years and had had 
episodes of epigastric distress for two years. He had 
had several previous attacks of acute abdominal pain 
following heavy alcohol consumption. The present 
attack also was precipitated by a bout of excessive 
drinking. He was not jaundiced. The abdomen was 
tender and distended, and x-ray examination revealed 
an enlarged liver. On the day of admission the serum 
was noted to be markedly lactescent. Serum amylase 
was 70 units, bilirubin, 1.68 per cent; alkaline phos- 
phatase, 6.9 Bodansky units. An exploratory laparot- 
omy was performed on July 7, 1951, at which time 
acute pancreatitis was discovered. Following opera- 
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tion the serum lipids dropped precipitously. There was 
no increase in serum amylase. The patient recovered 
uneventfully and was discharged with instructions to 
follow a low fat diet (20 gm. a day). However, he 
soon abandoned his diet and resumed his former drink- 
ing habits. 

Fourteen months later, following consumption of 
more than a quart of whisky in a day, he had severe 
periumbilical pain and vomiting which led to his 
second admission on September 14, 1952. Tempera- 
ture was 101°r. Abdominal examination revealed 
some generalized tenderness with considerable guard- 
ing but no true spasm or rigidity. The liver was 
palpated 4 fingerbreadths below the right costal 
margin. There was no edema. Once again the serum 
was lactescent. The leukocyte count was 7,000 per cu. 
mm. Total serum bilirubin was 2.22 mg. per cent, 
alkaline phosphatase, 6.4 Bodansky units; bromsul- 
phalein retention, 22 per cent in forty-five minutes; 
serum amylase, 65 units. The patient improved on 
conservative therapy and was discharged on Septem- 
ber 24, 1952, with instructions to follow a low fat diet. 
When seen in the clinic in 1955 for incidental 
complaints he appeared well, although details of the 
interval history were not obtained. 


Case m. H. K. (37-62-54), a forty-two year old 
white man, was admitted to the hospital on August 
25, 1952, with severe pain in the epigastric and left 
lower quadrant of the abdomen radiating to the left 
shoulder. The patient was a chronic alcoholic and had 
suffered several attacks of epigastric pain following 
drinking bouts during the preceding two years. Eight- 
een months previously he allegedly had had viral 
hepatitis. The present admission was preceded by the 
intake of a large amount of wine. On examination he 
had a temperature of 102°F. and was slightly jaun- 
diced. There was considerable abdominal spasm and 
tenderness. The liver could be palpated 3 finger- 
breadths below the right costal margin. On admission 
the leukocyte count was 8,500 per cu. mm., total serum 
bilirubin, 1.38 mg. per cent; alkaline phosphatase, 
8.5 Bodansky units; cephalin-cholesterol flocculation, 
3 plus in twenty-four hours; total proteins, 6.4 gm. per 
cent; albumin, 3.7 gm. per cent; globulin, 2.7 gm. per 
cent. The serum amylase level on the morning of 
admission was 106 units, and that evening 76 units. 
The lipids which were initially elevated to lactescent 
levels subsequently dropped to abnormally low con- 
centrations. The presumptive diagnosis was acute 
pancreatitis. On September 3, 1952, biopsy specimen 
of the liver showed 2 plus fatty infiltration and slight 
pericholangitic and portal fibrosis. The patient im- 
proved on conservative therapy and was discharged on 
September 11, 1952. When seen in the emergency 
room for a laceration on October 12, 1954, he ap- 
peared to be well. 


Case tv. C. B. (58575), a forty-three year 
old Negro man, was admitted to the hospital on Octo- 


ber 22, 1955 because of severe non-radiating pain in 
the left upper quadrant of the abdomen for four days 
and vomiting for two days prior to admission. He was 
an alcoholic of long standing and had suffered grand- 
mal epileptic seizures for eight years. During a previous 
admission in 1951 for pain in the right upper quadrant 
of the abdomen x-ray studies of the gastrointestinal 
tract and gall bladder and a serum amylase deter- 
mination were normal. Following an alcoholic episode 
in 1952 he was admitted to another hospital where a 
diagnosis of acute pancreatitis was made. The serum, 
which was noted to be lactescent, was sent to this 
laboratory for analysis. (Table 1.) Following this ill- 
ness the patient had repeated episodes of pain in the 
left upper quadrant, one of which led to the present 
admission. The presence of hallucinations and tremu- 
lousness on admission suggested a recent alcoholic 
episode although the patient denied this. On examina- 
tion he appeared acutely ill. The temperature was 
102°r. There was severe generalized abdominal spasm. 
The abdomen was tympanitic and tender. The liver 
could be percussed 2 fingerbreadths below the right 
costal margin. There were muscular cramps suggest- 
ing tetany. On admission the serum was noted to be 
markedly lactescent. The leukocyte count was 12,000 
per cu. mm.; serum amylase, 155 units; blood sugar, 
120 mg. per cent; total bilirubin, 0.40 mg. per cent; 
bromsulphalein retention, 38 per cent in forty-five 
minutes; cephalin-cholesterol flocculation, 3 plus in 
twenty-four hours; alkaline phosphatase, 6.8 Bodansky 
units; total protein, 5.4 gm. per cent; albumin, 2.7 gm. 
per cent; globulin, 2.7 gm. per cent; calcium 6.8 mg. 
per cent; phosphorus, 4.1 mg. per cent. X-rays of the 
abdomen taken on admission showed intraperitoneal] 
fluid with localization suggesting acute pancreatitis. A 
gastrointestinal x-ray study made on November, 2, 
1955, revealed an extrinsic mass, probably the pan- 
creas, pressing on the stomach. The gall bladder failed 
to visualize on cholecystography. The serum became 
clear within two days. On November 4, 1955, the 
total bilirubin was 0.42 mg. per cent, bromsulphalein 
retention, 9 per cent in forty-five minutes; cephalin- 
cholesterol flocculation test, 0 in twenty-four hours; 
thymol turbidity, 1.6 units; thymol flocculation, 0; 
alkaline phosphatase, 6.8 Bodansky units; serum 
amylase, 166 units; serum calcium, 10 mg. per cent; 
phosphorus, 5.6 mg. per cent. The patient received 
parenteral fluids for three days, after which oral 
feedings were resumed. He improved on conservative 
therapy, and was discharged on November 7, 1955. 


Case v. L. B. (93704), a forty year old white man, 
was admitted to a nearby hospital on August 18, 1953, 
for investigation of epigastric discomfort described as 
“tightness,”’ which had bothered him for five years. A 
cholecystogram three years previously had been nor- 
mal. The patient was in the habit of drinking a quart 
of beer and several glasses of whiskey daily, and more 
on weekends. He had consumed considerable alcohol 
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the day before admission. Dietary intake was said to 
be good. He had noted swelling of his ankles recently. 
On admission he was obese, florid, extremely nervous 
and tremulous. There were spider nevi on the face and 
shoulders, and palmar erythema. The abdomen was 
obese and slightly tender in the right upper quadrant 
where a smooth liver edge was felt 5 fingerbreadths 
below the costal margin. There was pitting edema of 
both feet. On admission the serum was noted to be 
very lactescent. Two days later the serum which had 
cleared considerably was analyzed at this laboratory. 
The results are shown in Table 1. The blood count, 
urine, stool, and glucose tolerance were normal. On 
August 25 when the serum had completely cleared, 
the icterus index was 11, alkaline phosphatase 8.5 
Bodansky units; total protein, 6.1 gm. per cent; 
albumin, 3.8 gm. per cent; globulin, 2.3 gm. per cent; 
total bilirubin, 0.6 mg. per cent. The serum amylase 
was not determined. An x-ray study of the gastro- 
intestinal tract on August 20, 1953, was negative ex- 
cept for calcified nodes in the left mid-abdomen. 
The patient’s course in the hospital was uneventful 
except for daily elevations of temperature to 100 or 
101°r. He was able to eat a regular diet from the day 
of admission. He was discharged on August 28, 1953, 
with a provisional diagnosis of early Laennec’s 
cirrhosis. 


COMMENTS 


The cases reported here had a number of 
features in common, the most striking of which 
were the marked hyperlipemia and lactescence 
on admission to the hospital and the rapid clear- 
ing of the serum within a few days. As indicated 
in Table 1 all lipid components were increased, 
but the most impressive elevations were in the 
triglyceride (neutral fat) fraction which initially 
greatly exceeded the normal range of 0 to 6 
mEq./L. The ratio of free to total cholesterol 
also was elevated, possibly as a consequence of 
accompanying disease of the liver, although an 
increase in the ratio has been observed in familial 
hyperlipemia in the absence of hepatic injury 
[7,4]. This could be accounted for by the finding 
that in lipemic states most of the serum choles- 
terol occurs in low density betalipoproteins 
which characteristically have a ratio of free to 
total cholesterol of 0.5 to 0.6 [70]. 

All five patients had a history of chronic 
alcoholism and a bout of excessive drinking im- 
mediately prior to hospital admission. In the 
two patients with multiple attacks of abdominal 
pain, alcohol was the precipitating factor in each 
instance. Although the state of nutrition was 
good in all but one, the patients exhibited evi- 
dence of mild hepatic injury consistent with 
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either alcoholic fatty liver or early Laennec’s 
cirrhosis. 

Epigastric or abdominal pain on the left side 
was a significant complaint in every case. Al- 
though the serum amylase was not elevated in 
Cases 1, m1, and iv, the diagnosis of acute 
pancreatitis was established by exploratory 
laparatomy performed in Case 1 and was made 
on clinical grounds, but not proved, in Cases m 
and rv. In Cases 1 and v, the etiology of the pain 
was not determined but the possibility of pan- 
creatitis was neither considered nor investi- 
gated. In retrospect acute pancreatitis would 
appear to be the most likely basis for both the 
abdominal pain and serum lactescence in these 
patients. Certainly it is one of the more impor- 
tant causes of unexplained abdominal pain in 
alcoholic patients [77] and is often overlooked. 
Indeed, the frequent occurrence of elevated 
levels of serum amylase following excessive drink- 
ing [72,73] suggests that pancreatitis may develop 
in the absence of pain. The importance of alco- 
holism in the etiology of pancreatitis [74] and the 
high postmortem incidence of pancreatic lesions 
in chronic alcoholic patients [75,76] strengthens 
this interpretation.* The occasional marked 
lipemia of patients with alcoholic fatty liver 
alluded to by Keefer and Fries [77] may likewise 
have been caused by undiagnosed pancreatitis. 

The relationship between pancreatitis and 
hyperlipemia is a puzzling one. Evidence has 
been presented to show that at least in one group 
of young persons hyperlipemia is a chronic 
hereditary disorder that, in some unknown way, 
gives rise to acute pancreatitis [4]. In addition, 
however, there are cases such as those reported 
here in which the hyperlipemia appears to be a 
transient phenomenon secondary to the pan- 
creatitis. It is assumed that in these cases the 
onset of hyperlipemia coincides with the devel- 
opment of the pancreatic lesion, and that once 
the serum clears the lipids remain at a normal 
level unless there is a recurrence of pancreatitis. 
In a few such cases, not included in this report, 
normal concentrations of serum lipids have been 
found in the intervals between attacks. Un- 
fortunately, no studies had been carried out 
within a few days or weeks prior to the onset of 
pancreatitis, so that the transient nature of the 


* The normal serum amylase in the cases presented is 
not incompatible with the diagnosis of acute pancreatitis. 
In fifty-five cases of acute pancreatitis reported by 
O’Brien and Thayer [74] the amylase was elevated during 
the course of the disease in only 65 per cent. 
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hyperlipemia and its precise coincidence with 
the onset of pancreatitis have not been firmly 
established. Nevertheless, the long periods of 
freedom from hyperlipemia, despite an un- 
limited fat intake, and the absence of xanthoma- 
tous lesions clearly distinguish these persons from 
those with familial hyperlipemia and secondary 
pancreatitis. 

It has been postulated that acute pancreatitis 
may give rise to hyperlipemia in either of two 
ways; by creating a disturbance in lipid metab- 
olism [78], or by making it possible for liquefied 
fat in the retroperitoneal space to gain access 
to the circulation [6]. In addition, recent studies 
on the normal fat-clearing mechanism raise the 
question of whether or not alterations in the 
chemical or physical properties of the serum 
albumin may be involved in the accumulation 
of blood lipids. 

The role of the pancreas in fat metabolism has 
been studied extensively since the observation 
that fatty livers develop in depancreatized dogs 
maintained on insulin [79,20]. It is now well 
known that the fatty infiltration under these 
conditions is due to a deficiency of choline and 
other lipotropic substances resulting from the 
incomplete digestion and absorption of dietary 
protein in the absence of the proteolytic enzymes 
of the external secretions of the pancreas [27,22]. 
As fat accumulates in the liver the serum lipids 
tend to fall [23,24], an effect presumably due to 
hepatocellular dysfunction and malnutrition. 
However, Dragstedt et al. [25] have reported 
that hyperlipemia develops over a period of sev- 
eral weeks in depancreatized dogs which have 
been treated with insulin if the presence of 
minimal amounts of pancreatic juice in the 
intestinal tract is assured, either by sparing a 
fragment of pancreas and permitting its external 
secretion to enter the intestine, or by feeding 
the dogs raw pancreas. These observations have 
been interpreted as evidence that the pancreas 
has an internal secretion (lipocaic) which plays a 
role in the regulation of the serum lipids, and 
that the absence of this hormone leads to hyper- 
lipemia provided dietary absorption is adequate. 
Entenman, Chaikoff and Montgomery [24] also 
found an elevation of serum lipids when raw 
pancreas was fed to depancreatized dogs treated 
with insulin, a phenomenon which could not be 
induced by feeding raw pancreas to normal 
animals. While this phenomenon has not been 
explained, most investigators [27,22] deny the 
existence of lipocaic. If the hyperlipemia asso- 


ciated with acute pancreatitis in man were due 
to a deficiency of lipocaic, it would have to be 
assumed that the deficiency state antedated the 
onset of acute pancreatitis, since in Dragstedt’s 
experiments [25] hyperlipemia did not develop 
for at least a month following partial pancrea- 
tectomy. While this possibility cannot be 
excluded with certainty, since the precise time 
relationship between the onset of acute pancrea- 
titis and the appearance of hyperlipemia is not 
known, it appears unlikely in view of (1) the 
prompt appearance of serum lactescence follow- 
ing experimental injury of the pancreas [8], 
(2) the absence of hyperlipemia in the intervals 
between attacks of relapsing pancreatitis in the 
few patients that have been studied, and (3) the 
failure of hyperlipemia to develop in persons 
with chronic pancreatic insufficiency many of 
whom still secrete small amounts of enzyme. The 
prompt fall in serum lipids following an attack of 
acute pancreatitis could conceivably, on the basis 
of Dragstedt’s observations, be related to com- 
plete suppression of pancreatic secretion ina per- 
son with an antecendent deficiency of lipocaic. 
Thus Dragstedt et al. [25] observed that the 
hyperlipemia in partially depancreatized dogs 
cleared following external diversion of the secre- 
tions of the pancreatic remnant, an effect that 
was noted within a week or two. Unfortunately 
the serum lipids were not investigated any 
earlier, so that it is not known whether or not 
they fell as promptly as they do following an 
attack of acute pancreatitis. 

Since hyperlipemia is known to occur in 
patients with diabetic acidosis, the question 
arises whether or not the increase in serum 
lipids associated with acute pancreatitis may be 
due to a disturbance in carbohydrate metab- 
olism. Certainly mild diabetes is a relatively 
common complication of acute pancreatitis and, 
indeed, it has been encountered in a few patients 
with hyperlipemia [26]. However the absence of 
glycosuria in many instances, as in the present 
study, and the relatively mild character of the 
diabetes make it unlikely that the hyperlipemia 
of acute pancreatitis is the result of a disturbance 
in insulin production. 

In view of the implication of an internal secre- 
tion of the pancreas other than insulin in the 
regulation of serum lipids it is of interest that 
glucagon, the hyperglycemic factor produced 
by the alpha cells of the pancreas, reduces 
alimentary lipemia [27]. Administration of 
carbohydrate will similarly reduce alimentary 
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lipemia [28]. Conversely, destruction of the 
alpha cells with cobaltous chloride is followed 
by a gradual increase in serum lipids [29]. How- 
ever, a deficiency of glucagon cannot account 
for the type of hyperlipemia which is seen in 
acute pancreatitis unless it is shown to be gradual 
and not, as generally assumed, an acute result of 
the pancreatitis. 

Recent evidence indicates that the dietary 
content of unsaturated fatty acids is one of the 
factors that determines the level of the serum 
lipids [30,37]. Since the intestinal hydrolysis of 
oils containing unsaturated fatty acids requires 
the presence of pancreatic juice [32], the ques- 
tion arises as to whether or not the hyperlipemia 
of pancreatitis may be due to a deficiency of 
available unsaturated fatty acids related to a 
decrease in pancreatic secretion. However, the 
evanescent character of the serum lipid changes 
in acute pancreatitis, and the striking absence of 
hyperlipemia in patients with frank pancreatic 
insufficiency, following either pancreatectomy or 
chronic pancreatitis, would appear to be incon- 
sistent with this hypothesis. 

Serum albumin plays an important role in the 
mechanism for removing excess fat from the 
blood. Normally the triglycerides entering the 
plasma are hydrolyzed enzymatically by a clear- 
ing factor, resulting in the release of non-esteri- 
fied fatty acids. The latter are promptly bound 
by albumin, the presence of which is necessary 
for the hydrolysis of plasma triglycerides [33-35]. 
If serum albumin is depressed as a result of 
nephrosis or plasmapheresis, hyperlipemia en- 
sues, an effect that can be abolished by infusing 
albumin [3]. Thus albumin, through its role as a 
fatty acid acceptor, appears to be an integral part 
of the clearing mechanism. Theoretically, there- 
fore, an alteration in the binding capacity of 
albumin, a change in the chemical or physical 
state of the free fatty acids arising during the 
course of intravascular hydrolysis, or a defect in 
the production or release of clearing factor 
could produce hyperlipemia. These possibilities 
have not been explored in the case of acute 
pancreatitis. However, a recent report [36] sug- 
gests a correlation between elevated lipids and the 
defect of calcium metabolism commonly found 
in patients with pancreatitis. Combination of 
non-esterified fatty acids with calcium instead of 
with albumin might impede the clearing of tri- 
glyceride from the serum. 

A convincing argument can be made for the 
theory that the hyperlipemia of acute pancreati- 
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tis is due to embolization of liquefied fat arising 
at the site of necrosis. Indeed, several investi- 
gators [6,37] have demonstrated pools of fat 
entering injured vessels in the areas of necrosis, 
and the presence of fat emboli in the kidneys and 
lung and has suggested that the latter may be re- 
sponsible for renal failure and cyanosis which 
often accompany acute hemorrhagic pancreati- 
tis. Unfortunately, the serum lipids were not 
analyzed in any of these cases, except in one 
instance in which [6] the blood was thought to be 
hyperlipemic on gross inspection at autopsy. 
It has been suggested that the entry of lipid into 
the circulation may be related to the digestion of 
interlobular and peripancreatic fat by lipase 
and the release of oleic acid which is liquid at 
body temperature [6]. However, the staining 
properties of the lipid found in areas of pan- 
creatic necrosis and in fat emboli are those of 
triglyceride. This suggests that embolization 
of fat is probably more closely related to the 
injury of adipose tissues and vessels than to the 
release of free fatty acid. The possibility that the 
emboli in such cases are secondary to the hyper- 
lipemia is worthy of comment. In a previous re- 
port [4] indirect evidence was presented in sup- 
port of the theory that the fat emboli in patients 
with diabetic acidosis and certain other hyper- 
lipemic states may be derived from the serum 
lipids. The possible potentiating effect of hyper- 
lipemia on thrombosis [38] constitutes an addi- 
tional mechanism by which abnormally high 
concentrations of serum triglycerides might 
precipitate local injury. However, in the type of 
acute pancreatitis under consideration the 
histologic demonstration of lipid pools entering 
damaged vessels at sites of pancreatic necrosis 
strongly suggests that the emboli arise from foci 
of necrotic adipose tissue. Although there is no 
direct evidence to show that such embolization 
leads to hyperlipemia, the remarkable case of 
MacMahon and Weiss [39] provides a graphic 
illustration of how the entry of fat into the cir- 
culation from an area of necrosis may affect the 
serum lipids. In this instance the necrotic lesion 
was in an alcoholic fatty liver and was due to 
carbon tetrachloride poisoning. At autopsy 
the blood in the right side of the heart and large 
pulmonary arteries contained fat which on 
standing rose to the top as a layer con- 
stituting 60 per cent of the total blood vol- 
ume, while the vessels elsewhere contained 
much less fat. The occurrence of the fat only 
in the right side of the circulation suggests that 
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the necrotic fatty liver was the source of the 
hyperlipemia. 

The hyperlipemia of acute pancreatitis is 
accompanied by increases of serum cholesterol 
and phospholipid (Table 1), a phenomenon 
observed in other forms of hyperlipemia [7,4]. 
Since the infusion of triglyceride and lecithin in 
experimental animals leads rapidly to hyper- 
cholesteremia [40], it appears likely that the 
latter is secondary to the elevated triglycerides. 


SUMMARY 


Marked but transient lactescence of serum has 
been noted in patients with abdominal pain fol- 
lowing bouts of acute alcoholism. The evidence 
presented suggests that the hyperlipemia and 
abdominal pain were due to acute pancreatitis. 
The possible interrelationship between pan- 
creatitis and hyperlipemia is discussed. 
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The Pattern of Intermediary Carbohydrate 
Metabolism in Cushing’s Syndrome’ 


DorotHy H. HENNEMAN, M.D.{7 and JoHN P. BUNKER, M.D. 


Boston, Massachusetts 


N previous studies we have observed unique 

disturbances in intermediary carbohydrate 
metabolism in a small group of patients receiv- 
ing 17-hydroxycorticosteroids and in patients 
with Cushing’s syndrome during ether anes- 
thesia [7,2]. In the present study these observa- 
tions have been confirmed and extended to 
include a variety of experimental metabolic 
conditions in patients with confirmed Cushing’s 
syndrome and in patients receiving 17-hydroxy- 
corticosteroid therapy. Blood concentrations of 
glucose, intermediary carbohydrate metabolites, 
lipids, ketones and inorganic phosphorus in 
these patients have been compared to the con- 
centrations of these substances in normal sub- 
jects and in patients with mild to moderate 
diabetes mellitus, with and without associated 
obesity. 

MATERIAL AND METHODS 


The biochemical technics used are summarized in 
Table 1. The patients and the experimental conditions 
are summarized in Table nm. 

The “diabetic” patients had a degree of glucose 
intolerance (mild to moderate, American Diabetes 
Association standards) similar to that observed in 
patients with Cushing’s syndrome. The group in- 
cluded subjects in whom the diagnosis of Cushing’s 
syndrome was entertained by reason of certain clinical 
features such as obesity, amenorrhea, hirsutism, 
fatigue, arteriosclerosis and hyperlipemia. Two pa- 
tients with severe diabetes mellitus were studied to 
confirm reported observations on blood lactic and 
pyruvic acid, and inorganic phosphorus concentra- 
tions [4-7]. 

Glucose utilization was evaluated by American 
Diabetes Association standards for normal changes in 
glucose concentrations. In addition, measurements of 
carbohydrate intermediary metabolites and serum 
total inorganic phosphorus were made in thirty nor- 
mal subjects. The changes in these subjects confirm 
those reported in the literature [4,3-70]. 

The dose and duration of treatment prior to testing 


of the patients who received 17-hydroxycorticosteroid 
therapy are shown in Table m1. 

Several technical and dietary precautions are 
essential in order to be reasonably certain that the 
experimental conditions are comparable from one 
subject to the next: (1) Patients must eat 300 to 350 
gm. of carbohydrate per day for at least three days 
prior to the morning of the test. A twelve- to fifteen- 
hour fast precedes the test. (2) Patients must lie 
quietly in bed throughout the test. (3) Venous blood 
samples must be taken with a minimum of stasis, 
preferably without a tourniquet. (4) Blood samples 
for lactic and pyruvic acid determinations should be 
treated with protein precipitants immediately after 
being drawn. If plasma lactic acid is to be measured, 
the blood should be placed in cold test tubes contain- 
ing iodoacetic acid and the protein precipitated with 
cold 10 per cent trichoroacetic acid within a half- 
hour [77]. (5) The patient should be assessed for 
nervousness and apprehension since higher than nor- 
mal fasting concentrations of lactate and pyruvate and 
lower than normal fasting concentrations of serum 
total inorganic phosphorus may result from a reflex 
release of epinephrine immediately prior to the start 
of the test period [72]. 


RESULTS 


Fasting Concentrations. (Table tv.) Observa- 
tions in patients with Cushing’s syndrome and in 
those receiving 17-hydroxycorticosteroid therapy 
have been combined unless otherwise indicated 
since no significant differences were found be- 
tween the two groups; both groups demonstrated 
the same differences from normal subjects. 

Only two patients with Cushing’s syndrome 
and one receiving 17-hydroxycorticosteroid 
therapy had fasting hyperglycemia. Patients 
with mild to moderate diabetes mellitus had 
higher than normal glucose levels (p < .01). 

Patients with Cushing’s syndrome and sub- 
jects receiving 17-hydroxycorticosteroids had 
strikingly elevated blood concentrations of 
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lactate and pyruvate. No difference in lactate or 
pyruvate levels was observed between the nor- 
mal subjects and the patients with mild to 
moderate diabetes mellitus. The increase in 
fasting concentrations of lactic and pyruvic 
acids was observed as early as the tenth day of 


TABLE I 
METHODS 


Substance Measured Technic 


Total inorganic phosphorus | Fiske-SubbaRow J. Biol. 
(serum) | Chem. 66: 375, 1925 
True glucose (whole blood) Nelson-Somogyi J. Biol. 

| Chem. 153: 375, 1944 


Lactic acid (plasma or | Barker-Summerson J. Biol. 
whole blood) | Chem. 138: 535, 1941 
True pyruvate* (whole Seligson-Shapiro (chromo- 
blood) | tography) Anal. Chem. 24: 
| 754, 1952 


Elliott modification of 
Natelson et al. J. Biol. 
Chem. 175: 745, 1948 


Citric acid (serum) 


Alpha-keto glutaric acid Same as for true pyruvate 
(whole blood) 


Ketones (8-hydroxybutyric | Greenberg-Lester J. Biol. 
and aceto-acetic acids Chem. 154: 177, 1944 
and acetone whole blood) 


Blood lipids: 
Total fatty acids Stoddard-Drury J. Biol. 


Chem. 84: 721, 1929 


Cholesterol and esters | Bloor-Knudson J. Biol. 
| Chem. 27: 107, 1916 
| Bloor J. Biol. Chem. 24: 
227, 1916 


| Bloor J. Biol. Chem. 36: 33, 
1918 

Fiske-SubbaRow J. Biol. 
Chem. 66: 375, 1925 


Lipid phosphorus 


* This chromatographic technic gives lower values for 
both the normal fasting concentrations and the normal 
changes following the administration of glucose than the 
values obtained by the Friedemann-Haugen method (J. 
Biol. Chem., 147: 415, 1943). 


17-hydroxycorticosteroid therapy and preceded 
the appearance of glucose intolerance. Subtotal 
adrenalectomy in cases of Cushing’s syndrome 
was associated with a return of blood lactate and 
pyruvate to normal levels. (Table v.) 


jury, 1957 


TABLE II 
MATERIAL AND EXPERIMENTAL CONDITIONS 


Fasting: 

Twelve to fifteen hour overnight fast following three to 

five days of a high (350 gm./day) carbohydrate diet 
Thirty normal adult men and women, ages twenty- 
three to sixty-five, all women with normal menstrua- 
tion 
Sixteen patients with clinically confirmed Cushing’s 
syndrome 
Eleven patients receiving 17-hydroxycorticosteroid 
therapy (six with pemphigus, two with exfoliative 
dermatitis, one with chronic berylliosis, one with 
metastatic mammary carcinoma, one with intrinsic 
asthma) 
Eleven patients with mild to moderate diabetes 
mellitus: those requiring insulin received none for 
twenty-four to forty-eight hours prior to the day of 
the test 
Eleven patients with gross obesity, four of these in- 
cluded in diabetes mellitus group, seven of these 
included in normal group 
Eight patients with severe cirrhosis 


Six patients with adrenal hyperplasia of types other 
than Cushing’s syndrome; three of these were obese 


Oral glucose tolerance tests: 
One hundred gm. of glucose were administered orally 
following twelve to fifteen hour overnight fast and a high 
carbohydrate diet. 


Thirty normal adults, seven of whom were grossly 
obese 
Five patients with confirmed Cushing’s syndrome 


Ten patients receiving 17-hydroxycorticosteroid 
therapy 

Eight patients with diabetes mellitus, with and with- 
out obesity 

Two patients with severe diabetes mellitus 


Five patients with adrenal hyperplasia of types other 
than Cushing’s syndrome 


Intravenous L (+-) lactate infusion: 
Seventy-five mg./kg. body weight infused as a 14 per 
cent solution over a period of two minutes [3]. 


Twelve normal subjects 

Eleven patients with Cushing’s syndrome 

Twelve patients with gall bladder disease 

Fourteen patients with moderate to severe cirrhosis 


Ether anesthesia: 


Fasting 
Twenty-two normal adults 


Eight patients with Cushing’s syndrome 


Intravenous glucose administration (0.5 gm./kg. as 
20 per cent solution) 


Twelve normal adults 
Three Cushing’s syndrome 
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TOTAL 
GLUCOSE LACTATE INORGANIC CITRATE 
500; PHOSPHORUS 
MEAN NORMAL CHANGES (TABLE WI) 
a ==-PT. FB. 3 26 
40, 
300! 30 30) 
WHY 
200: F 20; 20) WY 2.0) 
MG.% | WY MG.% | 
| 
100; | 7 10; 1.0, WY 
GZZ 
HOURS O12 O12 012 O12 
1CHo 1CHo 1CHo 


Fic. 1. Abnormal responses in blood (or serum, see Table 1) to administered glu- 
cose in a patient with severe diabetes mellitus. Pyruvate changes (not shown) were 


also less than normal. 


TABLE II 
DOSE AND DURATION OF TREATMENT PRIOR TO TESTING OF 
PATIENTS WHO RECEIVED 17-HyYDROXYCORTICOSTEROID 


THERAPY 
Case Age (yr.) Dose 
(No.) amd Son Hormone | (mg. /day) | Duration | Diagnosis 
| 
I 49,M_ | Prednisone | 10 | 10 days | Pemphigus 
ul 69,M | Cortisone | 800-600 2 mo. Pemphigus 
| | Prednisone 120-— 60 4 mo. 
m | 54,M |Cortisone | ....... | ....... | Pemphigus 
| Prednisone 
w | 67,F Cortisone | 500 | 1 mo Pemphigus 
Prednisone | 80-30 4 mo. 
v | 60,F Prednisone 150— 80 | 10 days Pemphigus 
80- 30 | 13 days 
ve | 49, F Prednisone 40 | 2 wk. Pemphigus 
vu | 37, F Prednisone | 200—- 40 | 2 wk. | Exfoliative 
| dermatitis 
vir | 74,M_ | Cortisone 250-200 | 1 mo. Exfoliative 
Prednisone 120- 30 | 2wk. | dermatitis 
x | 35,F Cortisone | 200 2yr. | Chronic 
berylliosis 
x 52, F Cortisone 200 7mo. | Metastatic 
carcinoma 
of the 
| breast 
xI 45, F Cortisone | 200 | 1 yr. | Intrinsic 
| asthma 


Fasting concentrations of citric and alpha- 


ketoglutaric acids were normal in patients with 
diabetes mellitus, Cushing’s syndrome, and in 
patients receiving 17-hydroxycorticosteroid ther- 
apy. This finding was in contrast to our observa- 
tions in severe cirrhosis (see page 41). 


Blood ketone concentrations were normal in 
all patients including those with diabetes mel- 
litus. The high carbohydrate diet, the short fast- 
ing period, and the mildness of the diabetes 
mellitus probably account for this finding. 

Changes in blood lipid concentrations were 
not constant; abnormally increased levels of 
total cholesterol (>280 mg. per cent) and 
cholesterol esters were observed in five of seven 
patients with Cushing’s syndrome and in pa- 
tients receiving corticosteroid therapy; normal 
levels of total fatty acids (<480 mg. per cent) 
and lipid phosphorus (<11.5 mg. per cent) were 
present in these same seven subjects. Patients 
with mild to moderate diabetes mellitus also had 
elevated cholesterol and cholesterol ester con- 
centrations (mean cholesterol of 345 mg. per 
cent); in addition, half of these patients had 
increased total fatty acid and lipid phosphorus 
concentrations. 

While on a high carbohydrate diet, fasting 
blood levels of inorganic phosphorus were less 
than 3.1 mg. per cent in all patients with Cush- 
ing’s syndrome and corticosteroid-induced dia- 
betes who were tested in our laboratory. How- 
ever, in ten additional patients with Cushing’s 
syndrome tested by other laboratories while 
they were not on a high carbohydrate diet, only 
two patients had concentrations less than 3.1 mg. 
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TABLE IV 
VENOUS BLOOD FASTING CONCENTRATIONS OF CARBOHYDRATE METABOLITES, KETONE BODIES AND SERUM 
TOTAL INORGANIC PHOSPHORUS IN NORMAL ADULTS AND PATIENTS WITH DIABETES MELLITUS, CUSHING’S 
SYNDROME AND 17-HYDROXYCORTICOSTEROID THERAPY 


N rs | Patients with Diabetes Mellitus Patients with Cushing’s Syndrome or 
Normal Adults | Mild or Moderate 17-Hydroxycorticosteroid Therapy 
| 
men | | Stand- | Stand- Stand- 
No. of Range Mean ard No. of | Range | Mean ard No. of | Range | Mean ard 4 
Patients | (mg. %) | (mg. % Error | Patients | (mg. %) | (mg. %)| Error | Patients | (mg. %)|(mg.%)}| Error value 
| (mg. % | (mg. %) (mg. %) 
= 
Glucose 26 56-93 80 +2.3 10 75-220 112 +10 26 59-180| 84 +4.4 <.01* 
Lactate... 26 3-11 8.0 0.50 10 5-14 9.0 8 16T 8-38 16 2.0 <.001f 
10§ 15-30 19 <.001f 
Pyruvate 27 0.6-1.5 1.0 0.07 8 0.9- 1.1 0.08 13 1.8-3.3] 2.4 0.13 | <.001f 
Citrate 30 0.7-4.0 2.3 | 7% 18 1.0- 2.3 0.18 10 0.6-3.7| 1.6 0.32 | Not sig- 
nificant 
Alpha-keto 17 0.04-0.16, 0.09 | 0.01 9 .07-0.18} 0.12 0.015 8 .05-.17} 0.12 0.014 | Not sig- 
glutarate nificant 
Ketones 15 0.4-2:3 0.15 12 0.4-1.5 0.90 } 9 0-1.5; 1.0 0.18 | Not sig- 
| nificant 
Inorganic | 
phosphorus. 30 2.9-4.1 2:3 | 0.06 | 10 2.8-3.5 3.2 | 0.06 | 15 2.4-3.7| 2.9 0.1 <.01f 
* As compared with normal subjects. 
t Sixteen patients confirmed Cushing’s syndrome. 
¢ As compared with normal and diabetic subjects. 


§ Ten patients on 17-hydroxycorticosteroid Rx. 


per cent. This effect of a high carbohydrate diet 
was further studied in four patients with Cush- 
ing’s syndrome who were tested both while 
they were on and off a high carbohydrate diet; 
three of these patients had serum inorganic 
phosphorus concentrations of more than 3.1 mg. 
per cent while they were off the diet and less than 
3.1 mg. per cent while they were on the diet. 
Blood inorganic phosphorus concentrations were 
normal in the patients with diabetes mellitus. 

Oral Glucose Tolerance Tests. Although fasting 
concentrations of blood glucose were normal in 
twenty-four of twenty-seven patients with Cush- 
ing’s syndrome or 17-hydroxycorticosteroid- 
induced diabetes, all but one of fifteen tested 
demonstrated decreased utilization of admin- 
istered oral glucose. (Table v1.) The single pa- 
tient who failed to demonstrate glucose intoler- 
ance had received 10 mg. per day of prednisone 
for ten days; blood lactic and pyruvic acid 
concentrations were already elevated at this 
time. 

The degree of decreased utilization observed 
in these patients was not statistically significantly 
different from that of the patients with mild to 
moderate diabetes mellitus (p > .05), but was 
significantly different from the normal subjects. 

The patients with Cushing’s syndrome and 
those receiving 17-hydroxycorticosteroid therapy 
demonstrated, in addition to fasting hyper- 
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lacticemia and hyperpyruvicemia, a greater than 
normal increase in the concentration of these 
organic acids following the oral administration 
of glucose. Patients with mild to moderate 
diabetes mellitus demonstrated no abnormali- 
ties. The two patients with severe diabetes 
mellitus had less than the normal response of 
lactate and pyruvate to administered glucose, 
as reported by others [4-7]; a typical case is 
shown in Figure 1. 

The changes in blood citrate concentrations 
were variable in all groups studied except the 
normal group, in which there was a significant 
decrease in seventeen of eighteen subjects 
studied. The maximal fall was observed at either 
the one- or two-hour period and ranged from 
a fall of 0.5 mg. per cent to 2.5 mg. per cent. 
These changes in normal subjects have been 
reported previously [8,70]. 

The concentrations of blood citrate rose one 
hour after the administration of glucose in five of 
nine patients with mild to moderate diabetes 
mellitus and in the two patients with severe 
diabetes. The presence or absence of this ab- 
normality could not be correlated with either 
the degree of glucose intolerance or the clinical 
course of the patient [73]. The changes were nor- 
mal in the five patients with corticosteroid- 
induced diabetes, but two of four patients with 
Cushing’s syndrome had increases of 1.0 mg. per 
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TABLE V 
EFFECT OF SEVEN TO TWENTY-THREE DAYS OF PREDNISONE THERAPY AND OF SUBTOTAL ADRENALECTOMY 
ON FASTING CONCENTRATIONS OF LACTATE AND PYRUVATE 


| 


| | 


Fasting | Fasting 
_ Concentration | Concentration 
Plasma Lactate Blood Pyruvate 
(mg. %) (mg. %) Days of Dose 
Case and Diagnosis | Thesapy Hormone tne. filer) 
| | 
Before After Before After 
Therapy | Therapy | Therapy | Therapy | 
M. M., Pemphigus 6.0 «aes 10 Prednisone 150-80 
8.0 25 wees 23 Prednisone 80-30 
J., Pemphigus 6.0 | 183 | 09 2.6 11 | Prednisone | 
G., Exfoliative dermatitis 8.0 | 16.0 1.4 2.5 7 Prednisone | 40 
| | 3.3 11 Prednisone | 40 
| | | 
C., Exfoliative dermatitis | 9.8 | 13.8 | ‘2 1.8 14 Prednisone 160-20 
| 
S. S., Cushing’s syndrome 16.5¢ | 1.94* 1.0T | Cortisone | 60 
| | 7.0F | | 27t Cortisone | 25 
| 29t Cortisone | 25 
R. A., Cushing’s syndrome 17.2* | 11.0f | 2.02* | 1.15¢ 111¢ None _....... 
S. F., Cushing’s syndrome | 15.0* | 13.5¢ | 1.8* | 1.6t 44t |Cortisone | 25 
14.0* 13.3t 1.8° | | 553 |Nome | ...... 
| 15.2* 11.5¢ | 2.0% | 1.40¢ | 65t |None || ...... 
10.5f | 310 |None || ....... 


* Preoperative 
t Postoperative 
t Days postoperative 


cent while the remaining two showed no signifi- 
cant change. 

Patients with mild or moderate diabetes mel- 
litus had a delayed decrease in total serum in- 
organic phosphorus concentrations when com- 
pared to normal subjects (p < .01); the maximal 
decrease (0.4 mg. per cent) occurred at one 
hour in the latter group but at two hours (0.6 mg. 
per cent) in the diabetic subjects. The patients 
with corticosteroid-induced diabetes showed 
greater than normal decreases in serum total 
inorganic phosphorus concentrations despite the 
fact that their fasting levels were lower than nor- 
mal. The per cent change from the fasting level 


was significantly greater (p < .01) than that 
observed in normal subjects and in the patients 
with diabetes mellitus. 

The abnormalities observed in the venous 
blood concentrations of glucose, lactate, pyru- 
vate and serum total inorganic phosphorus in 
patients with Cushing’s syndrome following the 
administration of glucose gradually returned to 
normal after subtotal adrenalectomy. ‘This 
reversal of the preoperative abnormalities is 
shown in Figure 2. The time interval between 
operation and biochemic reversal was vari- 
able but could be correlated with clinical 
improvement. 
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TABLE VI 
FINDINGS AFTER ADMINISTRATION OF 100 GM. OF GLUCOSE ORALLY RSS? 


Patients with Cushing’s Syndrome 
Normal Subjects Di 17-Hydroxycorticosteroid 
iabetes Mellitus Therapy 
Substance | | 
Fast- hr. |2 br. | ne. | 2 nr. | | P value 
ing ing ing 
| 
Glucose, 65 111 76 112 |235 |233 78 198 1204 Not signifi- 
(mg. %) | No. of Patients... .. Mm. 15Tf cant com- 
whole | Standard Error 2.0 5.515.381 28 39 5.9 | 15.1 | 23.3 | pared to 
blood diabetes 
mellitus; 
p < .01 
compared 
to normal a 
Lactate, (me. | Meam... 6. ..<5.5.. 7.0 | 12.0 | 9.6 9.0 | 13.0 | 13.0 | 16.7 25.0 | 24.6 | <.001* “4 
%) plasma | No. of Patients... .. 9t ? 
Standard Error o.5 0.4; 0.5 0.76; 1.0 0.82) 1.4 2.4 2.2 
Pyruvate, 1.12} 1.50) 1.21) 1.1 31 2.23 2.8 2.7|<.001* 
(mg. %) No. of Patients... . . — 7t 
whole blood) Standard Error 0.09} 0.06; 0.09) 0.08; 0.20) 0.20) 0.1 0.2 0.2 
Citrate, 2.44) 2.20) 1.90) Variable: 7 patients 3.0 
(mg. %) No. of Patients... .. 117 rose 0.2-1.3 mg. 0.5 5§ 
serum | Standard Error 0.22!) 0.14) 0.12) at1 hr., mean rise of 4t 
0.7 mg. %; 4 pa- 
tients fell 0.3—1.2 1.9 2.6 4.2 
No. of Patients... ... mg. %, mean fall 4} 
| Standard Error..... 0.8 mg. % 0.3 
Ketones, Mean............. 0.7 | 0.2/0.2! 1.1} 0.8] 08] 1.3 | 1.2] 1.0 | Not signifi- 
(mg. %) | No. of Patients... .. 6 5 || cant* 
whole blood! Standard Error 0.15} 0.15) 0.15) 0.15) 0.15) 0.15) 0.15; 0.15) 0.15 Oe 
Total inor- | Mean 3.31 3.7 3.2 3.1 2.6 | 2.9 2.6 2.3 | 
ganic phos- | No. of Patients... . . 10t 
phorus, Standard Error 0.11} 0.09) 0.07} 0.09) 0.10) 0.10) 0.12] 0.11) 0.14 
(mg. %) | oe 
serum 


* P value based on analysis of observed differences in patients with Cushing’s syndrome and those receiving 17- 
hydroxycorticosteroid therapy compared both to (1) normal subjects and (2) to patients with mild to moderate diabetes 
mellitus. 

+ 8 with Cushing’s syndrome. s. 

t 4 with Cushing’s syndrome. 

§ 5 receiving 17-hydroxycorticosteroid therapy. 

|| 3 with Cushing’s syndrome. 


Blood ketone concentrations decreased in all 
groups one to two hours after the administration 
of glucose. 

A decrease in blood fatty acid and lipid phos- 
phorus concentrations was observed in all groups 
following the administration of glucose; this 
change was most marked in patients with dia- 
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betes mellitus whose fasting concentrations were 
the most elevated. Significant decrease in total 
serum cholesterol levels were also observed in 
normal and diabetic subjects but not in the 
patients with Cushing’s syndrome. (Fig. 3.) 
Intravenous Infusion of Sodium L(plus) Lactate. 
Blood lactic acid concentrations before and after 
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Fic. 2. Gradual return to normal of the fasting and postglucose concentrations of blood metabolites and inorganic phos- 
phorus following successful subtotal adrenalectomy in a patient with Cushing’s syndrome. 


lactate infusion are shown in Figure 4. Twelve 
normal adults tested before and thirty minutes 
after the infusion had less than a 5 mg. per cent 
increase over the fasting concentration. Patients 
with gall bladder disease had normal fasting 
blood lactic acid concentrations and a normal 
response to a lactate infusion. The results in the 
patients with cirrhosis were variable: some 
demonstrated elevated fasting concentrations 
both with and without abnormal responses to an 
infusion of lactate, while others had normal 
values throughout. No correlation could be 
found between the severity of the cirrhosis and 
the presence of abnormalities. The patients with 
Cushing’s syndrome had consistently high fasting 
concentrations and excessive accumulations 
after the infusion. Those few patients with 
Cushing’s syndrome who had normal fasting 
levels (Fig. 4) were not on high carbohydrate 
diets. 

Metabolic Consequences of Ether Anesthesia in 
Cushing’s Syndrome. Patients with Cushing’s 
syndrome when fasting and when glucose was 
administered during ether anesthesia had greater 


elevations in blood lactic and pyruvic acids and 
glucose concentrations than did normal sub- 
jects. (Fig. 5.) In addition, the administration of 
glucose during ether anesthesia was associated 
with a fall in serum total inorganic phosphorus in 
patients with Cushing’s syndrome, in contrast to 
a striking rise regularly observed in normal 
subjects [74,75]. 

Metabolic Consequences of Overnight Fast and 
Administered Glucose in Obesity and Adrenal Hyper- 
plasia of Types Other Than Cushing’s Syndrome. 
Eleven grossly obese subjects were studied; 
four of these had glucose intolerance of a degree 
which placed them in the category of mild 
diabetes mellitus; the remainder were included 
in the normal group. None of the eleven sub- 
jects had abnormal changes in lactate, pyruvate 
or inorganic phosphate and hence in no way 
were comparable to the patients with true Cush- 
ing’s syndrome. One of these eleven was sus- 
pected of having Cushing’s syndrome and was 
adrenalectomized but the diagnosis was not 
confirmed postoperatively. 

Four patients with obesity, hirsutism, dia- 
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betes and increased 17-ketosteroid excretion 
but without Cushing’s syndrome and one pa- 
tient with adrenogenital syndrome were studied. 
A second patient with adrenal hyperplasia of the 
adrenogenital type was tested during pregnancy 
and while she was off cortisone therapy, and at a 
time when her urinary 17-ketosteroid concentra- 
tion was elevated. Three of these patients gave 
normal results while three had glucose intoler- 
ance unassociated with any lactate, pyruvate or 
inorganic phosphate abnormalities. 

Observations in Severe Cirrhosis. Eight patients 
with severe cirrhosis were studied. The complete 
data will be published elsewhere [76]. The results 
in these eight subjects indicate that fasting con- 
centrations of lactic and pyruvic acids and of 
inorganic phosphate varied, but generally were 
normal; fasting concentrations of citrate were 
frequently elevated. Greater than normal fasting 
concentrations of alpha-ketoglutarate were con- 
sistently observed and confirmed earlier reports 
[77]: the mean value was 0.27 mg. per cent 
(standard error 0.04 mg. per cent) with a 
p < .001 when compared to normal subjects 
and patients with Cushing’s syndrome or dia- 
betes mellitus. 


COMMENTS 


The alterations in glucose, lactic and pyruvic 
acids, and in inorganic phosphorus metabolism 
noted in patients with Cushing’s syndrome or 
17-hydroxycorticosteroid therapy are similar 
to those previously described in four patients 
with chronic psychosis and in one normal sub- 
ject given hydroxycortisone or corticotropin 
(ACTH) [2]. Other investigators have observed 
alterations in blood lactic and pyruvic acids in 
Cushing’s syndrome and 17-hydroxycorticoster- 
oid therapy, but the number of cases have been 
few and the results inconsistent [78-27]. The dif- 
ference between the results of the present study 
and those of other investigators may be related 
to difficulties in diagnosing Cushing’s syndrome 
and the apparent failure to observe the precau- 
tion of a high carbohydrate diet prior to the 
time of testing. 

The unique metabolic pattern which we have 
observed is presumably due to the effects of an 
increase in 17-hydroxycorticosteroid hormones. 
It is uncertain, however, whether the observed 
changes in carbohydrate metabolism are related 
to (1) direct effects of 17-hydroxycorticosteroids 
on protein and fat metabolism, (2) changes in 
insulin activity in response to adrenal hyper- 
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plasia, or (3) a direct effect of 17-hydroxy- 
corticosteroids on glucose utilization. 

The decrease in glucose utilization and the 
elevated concentrations of lactate and pyruvate 
associated with 17-hydroxycorticosteroid activity 
have generally been assumed to reflect (1) an 
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Fic. 3. Changes in blood lipid concentrations following 
administration of oral glucose to normal subjects, pa- 
tients with diabetes mellitus, and patients with Cushing’s 
syndrome. 


increase in gluconeogenesis from protein and 
(2) a decrease in the conversion of carbohydrate 
and acetate to fat [22,23]. These activities are 
presumed not only to increase glycogen stores 
but also to overload the pathways of carbohy- 
drate metabolism. We believe our observations 
do not support this hypothesis as the sole mecha- 
nism responsible for the increase in lactate and 
pyruvate concentrations. The normal concentra- 
tions of citrate and alpha-ketoglutarate observed, 
in contrast to the elevated levels in cirrhosis, 
suggest that the pathways leading to glycogen 
formation are neither overloaded nor blocked. 
Changes in insulin activity in the presence of 
excess 17-hydroxycorticosteroid activity and an 
intact pancreas are difficult to study. Our results 
do not clarify this problem. The differences 
between patients with Cushing’s syndrome and 
those with diabetes mellitus rule out the possi- 
bility of relative lack of insulin as the responsible 
mechanism in Cushing’s syndrome. Similarly, 
insulin resistance does not appear to explain the 
alterations in inorganic phosphorus and lactic 
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Fic. 4. Changes in blood lactic acid concentrations following the rapid intravenous infusion 
of sodium t (+) lactate. Mean concentrations and standard errors are shown for each 
group. One patient with Cushing’s syndrome was tested following presurgery medication 


and is indicated by “pre med.” 


and pyruvic acid metabolism [24-26]. It is of 
interest that despite the evidence that cortisone 
treatment both decreases fat synthesis [23] and 
inhibits fat catabolism [27], we nonetheless ob- 
served a normal decrease in blood fatty acid and 
ketone concentrations following the administra- 
tion of glucose. Alterations in lipid metabolism 
have been reported [28] but they are not con- 
stant. Our observed increase in cholesterol 
levels after the administration of glucose to 
patients with Cushing’s syndrome is not under- 
stood; it is possible that this results indirectly 
from an alteration in insulin activity rather 
than from direct corticosteroid activity. 

We believe our results are best explained by a 
direct effect of 17-hydroxycorticosteroids on 


glucose utilization. We suggest that these 


hormones inhibit the reaction 


DPN 
Pyruvic acid — Acetyl-CoA + CO, + DPNH 
oA 


A decrease in pyruvic acid oxidation could 
account for the observed accumulations of lactic 
and pyruvic acid since lactic acid appears to be 
largely oxidized rather than repolymerized to 
glycogen [29]. This hypothesis is consistent with 
the observations of Villee, White and Hastings 
that in normal muscle the adrenal hormones 
favor the formation of lactate and decrease the 
oxidation of pyruvate [30]. 

The absence of alterations in citrate and 
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Fic. 5. Metabolic consequences of ether anesthesia when fasting and when glucose was administered in normal subjects 
and in patients with Cushing’s syndrome. Only arterial blood was readily available under these conditions in the pa- 
tients with Cushing’s syndrome; concentrations of lactic and pyruvic acids are lower in arterial than in venous blood. 
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Fic. 6. Schematic representation of proposed site of direct action of 17-hydroxycorticosteroid hor- 
mones on carbohydrate metabolism. These hormones are believed to act at the level of reactions 
(1), (2) and (3): direct inhibition of pyruvate conversion to acetyl CoA as indicated by (1); increase 
in gluconeogenesis from protein at the steps indicated as (2); and decrease in fat catabolism and 


synthesis as indicated by (3). 
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alpha-ketoglutarate concentrations, the lack of 
ketosis and the normal changes in ketone and 
total fatty acid concentrations following the 
administration of glucose suggest that the tri- 
carboxylic acid cycle is functioning in a normal 
manner. Substrate material for this oxidative 
cycle is provided by way of fatty acid oxidation 
and acetyl-CoA as well as by amino acid conver- 
sion to carbohydrate. The 17-hydroxycorti- 
costeroids probably have a direct stimulatory 
effect on this gluconeogenesis from protein 
sources. Figure 6 demonstrates our hypothesis 
schematically. 

The abnormalities in serum total inorganic 
phosphorus concentrations are not understood. 
Increased renal phosphorus excretion cannot 
explain the abnormalities in phosphorus metab- 
olism when glucose is administered during ether 
anesthesia [37]. We suggest rather that they 
reflect a failure of phosphorylating reactions 
whereby intermediary carbohydrate metabolites 
are phosphorylated during glycolysis and oxida- 
tion: the postulated direct inhibition by adrenal 
hormones of the conversion of pyruvate to 
acetyl-CoA might initiate such a failure. 

The observed accentuation by ether anesthesia 
of the abnormalities in patients with Cushing’s 
syndrome suggests that the metabolic effects of 
ether itself are related to 17-hydroxycorticoster- 
oid activity and hence to a decrease in pyruvate 
utilization [32,33]. However, they might result 
from a reflex release of epinephrine, as postulated 
by Brewster [34]. 


SUMMARY 


Excessive accumulations of venous blood 
lactate and pyruvate, and decreased concentra- 
tions of serum total inorganic phosphorus have 
been observed in sixteen patients with confirmed 
Cushing’s syndrome and in eleven patients on 
17-hydroxycorticosteroid therapy. These ab- 
normalities are observed following a_ high 
carbohydrate diet under conditions of (1) fasting, 
(2) glucose administration, (3) ether anesthesia 
when fasting and when glucose is administered, 
and (4) during the infusion of L (+) lactate. 
The differences in these patients from normal 
subjects and patients with mild to moderate 
diabetes mellitus are highly significant. Obese 
patients, with and without glucose intolerance, 
and patients with adrenal hyperplasia of other 
types do not demonstrate those abnormalities. 

It is postulated that these changes reflect a 
direct inhibitory effect by 17-hydroxycorti- 
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costeroids on the oxidation of pyruvate to CO, 
and acetyl-CoA without any effect on the tri- 
carboxylic acid cycle itself. 


Acknowledgments: Patients were studied through 
the courtesy of the following physicians of the 
Massachusetts General Hospital: Drs. Fuller 
Albright, Philip H. Henneman, Anne P. Forbes, 
Robert Nielsen and Maurice Pechet; Drs. Oliver 
Cope and Benjamin Barnes; Drs. Reed Har- 
wood, William McDermott, Leon Reznick and 
Harriet Hardy. The authors wish to thank Mrs. 
Amelia Yanakis, Mrs. Jean McLachlan and 
Miss Anne Murphy for their technical assistance 
and Dr. Claude Villee for his help and sugges- 
tions as our biochemical consultant. 

Supported through the generosity of Mr. 
Edward Mallinckrodt and the Capps Fund, 
Harvard Medical School. 


REFERENCES 


1. Bunker, J. P., Brewster, W. R., Jr. and Beecuer, 
H. K. Production and utilization of lactic acid 
during ether anesthesia. Fed. Proc., 12: 306, 1953. 

2. HENNEMAN, D. H., Attscnute, M. D. and Goncz, 
R. M. Carbohydrate metabolism in brain disease. 
1v. Effect of hydrocortisone and corticotropin 
(ACTH) on the metabolic effects of administered 
glucose in patients with chronic schizophrenic 
and manic-depressive psychoses. Arch. Int. Med., 
95: 241, 1955. 

3. Sorrer, L. J., Dantes, A. and Soporxka, H. La 
exploracién functional del higado por la prueba de 
la solucién de lactato-d de sodio. Rev. méd. cubana, 
49: 459, 1938. 

4. Hartman, F. W. and Bo.uicer, A. Curve of inor- 
ganic blood phosphates during sugar tolerance 
test. J. A. M. A., 85: 653, 1925. 

5. Buepinc, E., Wortis, H. and Fein, H. D. Pyruvic 
acid metabolism in diabetes mellitus. Am. J. M. 
Sc., 204: 838, 1942. 

6. Kuen, D. The effect of administration of glucose and 
insulin on blood pyruvate and lactate in diabetes 
mellitus. J. Biol. Chem., 145: 35, 1942. 

7. Horwitt, M. K., Hirts, O. W. and Kreisier, O. 
Lactic and pyruvic acids in blood after glucose 
and exercise in diabetes mellitus. Am. J. Physiol., 
156: 92, 1949. 

8. HENNEMAN, D. H., AttscHute, M. D. and Goncz, 
R. M. Carbohydrate metabolism in brain disease. 
nu. Glucose metabolism in schizophrenic, manic- 
depressive, and involutional psychoses. Arch. Int. 
Med., 94: 402, 1954. 

9. Epwarps, H. T., Benstey, E. H., Dirt, D. B. and 
CARPENTER, T. M. Human respiratory quotients 
in relation to alveolar carbon dioxide and blood 
lactic acid after ingestion of glucose, fructose or 
galactose. J. Nutrition, 27: 241, 1944. 

10. NaTEtson, S., Pincus, J. B. and Lucovoy, J. K. 
Response of citric acid levels to oral administra- 


AMERICAN JOURNAL OF MEDICINE 


* 
— 
2 
é 
2 
ts 
ey 
‘ 
q 
> 
We. 
| 
Jot 


12. 


18. 


20. 


N 


Carbohydrate Metabolism in Cushing’s Syndrome—Henneman, Bunker 45 


tion of glucose; normal adults and children. J. 
Clin. Investigation, 27: 446, 1948. 


. FRIEDEMANN, T. E. and Haucen, G. E. Pyruvic acid. 


1. Collection of blood for the determination of 
pyruvic and lactic acids. J. Biol. Chem., 144: 67, 
1942. 

HENNEMAN, D. H., ALtscHuLE, M. D., Goncz, R. M. 
and Davis, P. Carbohydrate metabolism in brain 
disease. v. Effect of epinephrine on intermediary 
carbohydrate metabolism in schizophrenic and 
manic-depressive psychoses. Arch. Int. Med., 95: 
594, 1955. 


. Pincus, J. B., NAtetson, S. and Lucovoy, J. K. 


Response of citric acid levels to oral administra- 
tion of glucose. u. Abnormalities observed in the 
diabetic and convulsive state. J. Clin. Investigation, 
27: 450, 1948. 


. HENNEMAN, D. H. and Bunker, J. P. Unpublished 


data. 


. HenNneMAN, D. H. and Bunker, J. P. The effects of 


anesthesia on intermediary carbohydrate metab- 
olism. Fed. Proc., 15: 436, 1956. 


. McDermott, W. V., Jr., HennemMAN, D. H. and 


Laumont, C. Unpublished data. 


. Smiru, L. H., Jr., Ertincer, R. H. and Se.icson, D. 


A comparison of the metabolism of fructose 
and glucose in hepatic disease and diabetes mel- 
litus. J. Clin. Investigation, 32: 273, 1953. 

O. W., Power, M. H. and Wiper, R. M. 
Diabetes mellitus and Cushing’s syndrome: 
concentrations of lactate and pyruvate in blood 
after ingestion of glucose. Diabetes, 1: 351, 1952. 


. Kerppoia, W. Accumulation of pyruvic acid in the 


blood during treatment with cortisone or ACTH, 
and in Cushing’s syndrome. Acta med. Scandinav., 
145: 357, 1953. 

FrAwLeEy, T. F. The role of the adrenal cortex in 
glucose and pyruvic acid metabolism in man in- 
cluding the use of intravenous hydrocortisone in 
acute hypoglycemia. Ann. New York Acad. Sc., 61: 
464, 1955. 


. Pincus, J. B., Natetson, S. and Lucovoy, J. K. v. 


Effect of epinephrine, ACTH and cortisone on 
citrate, calcium, glucose and phosphate levels in 
rabbits. Proc. Soc. Exper. Biol. & Med., 78:24, 1951. 
Lone, C. N. H. Influence of the Adrenal Cortex on 
Carbohydrate Metabolism. vol. 6, p. 136. Col- 
loquia on Endocrinology, 1953. Ciba Foundation. 


. Wett, I. D. and Wi1LHELMI, A. E. The effect of adre- 


nalectomy and of the adrenocorticotrophic and 


jury, 1957 


24. 
25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


growth hormones on synthesis of fatty acids. Yale 
J. Biol. @ Med., 23: 99, 1950. 

HENNEMAN, D. H. Unpublished data. 

KupPERMAN, H. S., Persky, M., Linsk, J., Isaacs, 
M. and Rosensiutu, M. The paradoxical effect 
of intravenous hydrocortisone upon carbohydrate 
metabolism. Ann. New York Acad. Sc., 61: 494, 1955. 

Persky, M., Linsk, J., Isaacs, M., Jenkins, J. P., 
RosENBLUTH, M. and Kupperman, H. S. Acute 
effects of intravenous hydrocortisone on glucose 
and insulin tolerances, and levels of serum and 
urinary inorganic phosphorus. J. Clin. Endocrinol. 
@ Metab., 15: 1247, 1955. 

WitHeMt, A. E. The Réle of the Anterior Pituitary 
in the Synthesis of Fat from Carbohydrate, vol. 6, 
p. 70. Colloquia on Endocrinology, 1953. Ciba 
Foundation. 

ADLERSBERG, D., ScHareFer, L. E. and Drirtcn, R. 
Adrenal cortex and lipid metabolism: effects of 
cortisone and adrenocorticotropin (ACTH) on 
serum lipids in man. Proc. Soc. Exper. Biol. G@ Med., 
74: 877, 1950. 

Drury, D. R. and Wick, A. N. Metabolism of lactic 
acid in the intact rabbit. Am. J. Physiol., 184: 304, 
1956. 

C. A., Wuire, V. K. and Hastinocs, A. B. 
Metabolism of C'*-labeled glucose and pyruvate 
by rat diaphragm muscle in vitro. J. Biol. Chem., 
195: 287, 1952. 

Incpar, S. H., Kass, E. H., Burnett, C. H., 
MAN, A. S., Burrows, B. A. and Sisson, J. H. The 
effects of ACTH and cortisone on the renal tubular 
transport of uric acid, phosphorus and electrolytes 
in patients with normal renal and adrenal func- 
tion. J. Lab. G Clin. Med., 38: 533, 1951. 

Hammonp, W. G., VAnpAm, L. D., Burnap, T. K. 
and Moore, F. D. Studies in surgical endocri- 
nology. tv. The effect of anesthesia on adrenal 
cortical function and water metabolism. In 
preparation. 

Drucker, W. R., Cost.ey, C., Srutts, R., HOLDEN, 
W., Mitier, M., Craic, J. and Woopwarp, H. 
The effect of ether anesthesia on pyruvate and 
lactate metabolism. Clin. Research Proc., 4: 246, 
1956. 

Brewster, W. R., Jr., BUNKER, J. P. and BEECHER, 
H. K. Metabolic effects of anesthesia. v1. Mecha- 
nism of metabolic acidosis and hyperglycemia dur- 
ing ether anesthesia in the dog. Am. J. Physiol., 171: 
37, 1952. 


¥ 
= 
Ye 
13 
|__| 
> 
17 
= 
: 
- 
3 
he 


Fructose and Diabetes’ 


JoHn A. MoorwousE, M.D.¢ and Ropert M. Kark, F.R.C.P., F.A.C.P. 


Chicago, Illinois 


HE metabolism of fructose has engaged the 
 igrootcersan of physicians since the systematic 
study of diabetes mellitus first began. In 1874 
Eduard Kiilz [32] described in his monograph on 
diabetes experiments in which he had compared 
the effects of feeding fructose and other sugars to 
a group of diabetic patients. Ingestion of fructose 
was followed by a moderate reduction of glyco- 
suria, and the author suggested that it be used in 
the dietary management of the disease. This 
observation received little attention until it was 
recalled by Minkowski [44] when in 1893 he 
reported his own experiments contrasting the 
effects of single oral doses of glucose and fructose 
in pancreatectomized dogs. When fructose was 
given, the amounts of sugar and nitrogen ex- 
creted in the urine decreased and the glycogen 
content of the liver increased. 

This study, which was incidental to Minkow- 
ski’s classic observations on the metabolic effects 
of pancreatectomy, stimulated widespread inter- 
est in the treatment of diabetes with fructose by 
mouth, and many experimental and clinical 
trials were reported in the succeeding years [27- 
29,37,47,50|. Fructose was usually given to pa- 
tients either in a single dose in the morning or in 
divided doses with meals, the daily intake rang- 
ing up to 170 gm. [27—29,47]. On occasion, it 
produced a modest reduction of glycosuria and a 
rise in the respiratory quotient [27—29,47] but 
often [37,47,50| there was no appreciable meta- 
bolic change. It soon became apparent that 
superior utilization of fructose occurred only in 
patients with mild diabetes [47], and that even in 
these patients tolerance rapidly diminished with 
its continued use [7,28,29,47,50]. The employ- 
ment of fructose in the management of diabetes 
quickly became unfashionable, f and by the time 


t Osler urged its use in the second edition of his text- 
book (1895) [57] but omitted any reference in succeeding 
editions. 


insulin was discovered in 1922 there was general 
agreement among physicians that its therapeutic 
value was very slight indeed. This conclusion 
stands as a curious background to the many 
modern studies which prove beyond any doubt 
that fructose is utilized normally, both by dia- 
betic tissues in vitro [3,12,36,56] and by diabetic 
patients [74,76,43,62]. The present investigation 
focused upon this inconsistency in the hope that 
its resolution might illuminate certain facets of 
the diabetic state in man. 

In designing observations on the metabolic 
effects of oral fructose, it seemed to us that its 
ineffectiveness in previous trials might be related 
to its being fed only once a day or at mealtimes. 
This meant that between meals the tissues had to 
be sustained by glucose synthesized in the liver 
from stored carbohydrate, fat or protein. We 
thought that if fructose were fed to the patient 
continuously, the interprandial synthesis of 
glucose might be inhibited and sustained utiliza- 
tion of fructose by the tissues might then become 
apparent. Consequently a synthetic liquid diet 
was prepared and delivered to the patient by 
pump through an indwelling gastric tube at a 
constant rate day and night. By this means, 
fructose was made the sole carbohydrate in the 
diet, and the interprandial fasting periods were 
abolished. As we had hoped, establishment of a 
stable absorptive state unmasked the ability of 
fructose to induce sharply defined changes in all 
aspects of metabolism in otherwise untreated 
diabetic patients. 


PROCEDURE 


Design of Experiment. Eight diabetic patients 
were selected for study in a metabolic unit. Their 
insulin was discontinued, and their diabetes was 
allowed to return to its uncorrected state. The 
milder cases stabilized; the more severe cases 
slowly deteriorated; and the very severe cases 


* From the Departments of Medicine, Presbyterian Hospital, Cook County Hospital, and the University of Illinois 
Hospitals, Chicago, Illinois. Supported in part by a grant from Mead Johnson and Company. Read at the 28th annual 
meeting of the Central Society for Clinical Research, Chicago, November 5, 1955. 

t Research Fellow, Presbyterian Hospital and the University of Illinois Hospitals. 
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rapidly passed into acute diabetic acidosis. Ex- 
cept for the latter, in whom prolonged observa- 
tions were impossible, the study was divided into 
four periods. For the first few days the patient 
consumed a three-meal-per-day solid diet, iso- 
caloric with the liquid tube feeding which was to 
follow. During this preliminary phase fasting 
blood samples were obtained early each morning. 
Next came the “‘pretherapy control period.” A 
nutritionally balanced synthetic liquid mixture 
containing glucose as the sole carbohydrate was 
delivered by tube into the gastrointestinal tract 
at a constant slow rate around the clock. Blood 
was collected each morning as before; these were 
of course no longer fasting samples. During the 
“therapy period” the liquid diet was identical 
in rate of delivery and in composition except that 
the glucose was entirely replaced by an isometric 
amount of fructose. Finally, in the “‘post-therapy 
period” glucose was given once more. By this 
technic it was possible to compare the metabolic 
effects of fructose and glucose under stable and 
constant conditions. 

Most patients tolerated the tube feeding 
remarkably well for days or weeks despite the 
obvious inconveniences involved. The fine 
transnasal polythene catheter occasioned little 
discomfort, and the delivery tube was long 
enough to permit considerable freedom of activ- 
ity within the ward. The chief complaint was 
that of periodic hunger, which was only partially 
controlled by the high caloric intake. Water was 
generally allowed ad libitum because of the glu- 
cose diuresis. In cases in which withdrawal of 
caffeine caused distress (not an uncommon 
event), three or four cups of black coffee were 
permitted throughout the day. From the point of 
view of the investigator, the technic of con- 
tinuous tube feeding obviated many of the usual 
problems of metabolic balance studies. The mix- 
ture was easily prepared, its composition precisely 
known, its delivery constant, and its absorption 
complete. 

Diet. The liquid synthetic diet was balanced 
and nutritionally adequate in all respects. It 
consisted of a solution in distilled water of 
amino acids (amigen,® Mead Johnson), emulsi- 
fied fat (carbohydrate-free lipomul,® Upjohn; 36 
per cent peanut oil, 4 per cent coconut oil), 
crystalline glucose or fructose, minerals and 
vitamins. The caloric value was set at the basal 
caloric requirement plus 80 per cent; 13 per cent 
of calories were from protein, 30 per cent from 
fat, and the remainder from carbohydrate. The 
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mineral content, based on average normal daily 
intake, differed somewhat for different patients. 
Usually it was exactly 4.7 gm. potassium (120 
mEq.), 5.6 gm. sodium (245 mEq.), 7.8 gm. 
chloride (220 mEq.), 0.45 gm. magnesium, 
1.75 gm. calcium, and 1.65 gm. phosphorus. 
Water- and fat-soluble vitamins (poly-vi-sol,® 
Mead Johnson; 1 ml./24 hours) were added in 
excess of the daily amounts recommended by the 
Nutrition Board of the National Research 
Council. The mixture was made up fresh every 
day and kept on ice at the bedside to avoid 
bacterial spoilage and resultant diarrhea. 

Methods of Analysis. Measurements were 
made of glucose, fructose, acetone, lactate, 
pyruvate, sodium, potassium, phosphorus and 
nitrogen. True glucose values were obtained by 
the method of Somogyi and Nelson [48,63]. 
Fructose was measured by the diphenylamine 
reaction according to the method of Ken- 
drick [30]. Total acetone (acetone plus beta- 
hydroxybutyric acid and aceto-acetic acid 
expressed as acetone) was measured by the 
method of Michaels et al. [42] as modified by 
Sargent [60]. Blood lactic acid was measured by 
the method of Barker and Summerson [4]. Blood 
pyruvic acid was measured by the method of 
Friedemann and Haugen [79], employing ex- 
traction with ethyl acetate and 10 per cent 
sodium carbonate. Inorganic phosphate was 
measured by the method of Gomori [22] as 
modified by Power [53]. Sodium and potassium 
estimations were made in the conventional 
manner with the Beckman flame photometer. 
Food and urine nitrogen was measured by the 
micro-Kjeldahl method of Keys [37]. 

Subjects. Eight diabetic patients and one 
healthy non-diabetic subject were studied. On 
clinical grounds the diabetic patients belonged 
to the adult, non-obese, stable, insulin-respon- 
sive group. When their insulin was discontinued, 
all but one lost weight. The grouping of the cases 
according to the severity of the diabetes is shown 
in Table 1 and was based upon the level of the 
fasting blood glucose during the initial period of 
the study. 


RESULTS 


The continuous feeding of fructose produced a 
well defined improvement in all save the most 
severely diabetic patients. In general, the degree 
of improvement varied inversely with the sever- 
ity of the diabetes as defined by the height of the 
fasting blood glucose level without insulin. In 
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TABLE I 
SUMMARY OF CLINICAL DATA FROM DIABETIC PATIENTS STUDIED BY THE TECHNIC OF CONTINUOUS TUBE 
FEEDING WITH A SYNTHETIC DIET CONTAINING FRUCTOSE AS THE SOLE CARBOHYDRATE * 


Sex and , P Daily Insulin Fasting Blood 

Patient Age Age bon Diabetes ‘- . Dosage Glucose Severity of Diabetes 
(yr.) agnosed (units) (mg./100 ml.) 

F. H. M, 50 re 176 0 80 Non-diabetic control 
M. M. F, 28 28 87 0 150 Mild to moderate 
M. E. M, 58 55 172 0 150 Mild to moderate 
A. S. M, 57 55 170 20 170 Mild to moderate 
C. M. M, 61 57 158 40 240 Mild to moderate 
M. J. F, 68 54 123 50 | 450 Moderately severe 
A.G. | F,59 47 105 60 | 450+ Severe 
M. S. F, 42 36 97 60 | y50 Severe 
Ss. T. M, 39 34 156 120 700+ Severe 


* The patients are grouped according to the severity of their diabetes as defined by the height of the fasting blood 
glucose level after stopping injections of insulin. With the exception of patient M. E., weight loss and ketosis devel- 


oped in all patients. 


keeping with this was the observation that while 
fructose was administered the blood glucose 
remained at, but never below, the fasting level 
which had been established in the preliminary 
phase of the study. Improvement of the diabetes 
was manifested by a reduction of blood glucose 
levels and lessening or disappearance of glyco- 
suria, a decline in the production and excretion 
of acetone, a decrease in the loss of water, 
electrolytes and nitrogen in the urine, and 
a gain in body weight. In no instance—from the 
healthy subject to the most severely diabetic 
patient—was fructose recovered from venous or 
arterial blood, or from the urine. Its absence 
from arterial blood implies that all the dietary 
fructose was assimilated by the splanchnic sys- 
tem* and that none reached the periphery. f If 


* Before reaching the arterial needle, the blood had of 
course traversed the lungs, which in perfusion experi- 
ments are capable of assimilating fructose [66]. 

t Unfortunately we could not prove beyond any doubt 
that fructose was completely absent from the peripheral 
blood. The technic used for the estimation of fructose was 
rendered somewhat insensitive by the presence of high 
concentrations of glucose. Appropriate recovery experi- 
ments indicated that levels of fructose below 3 to 4 mg. 
per 100 ml. might have been undetected. However, con- 
sidering the slow rate of feeding (in the range of 0.25 gm. 
per minute) and the known affinity of the liver for fruc- 
tose [6,74,36,47,66], it is reasonable to assume that the 
splanchnic system did take up all the ingested fructose. 
Furthermore, since the peripheral tissues utilize fructose 
poorly in the presence of glucose [6,39,67,73], traces of 


this is true, the liver was the site of all the meta- 
bolic changes observed. Emphasis is again di- 
rected toward the fact that in these diabetic 
patients all the metabolic alterations toward 
normality occurred entirely without the use of 
insulin; they were induced simply by the substi- 
tution of isometric amounts of fructose for 
glucose in the tube feeding. 

Metabolic charts from the healthy subject and 
from four representative diabetic patients have 
been selected for presentation. In addition to the 
data shown on the charts, blood lactate, blood 
pyruvate, serum sodium, serum potassium, 
serum phosphorus and urinary sodium were 
measured throughout the experiments. These 
moieties did not show significant changes and 
have therefore been omitted for the sake of 
brevity. Alterations in urinary volume were gen- 
erally related to its glucose content, and these 
also have been omitted. 


CASE REPORTS 


Case 1. F. H., a fifty year old healthy laborer 
weighing 176 pounds, had no family history of diabetes 
and had a normal glucose tolerance curve. Figure 1 
shows the changes in blood glucose levels throughout 
the experiment; the other moieties which were meas- 
ured did not change significantly. 


fructose in the blood, even if present, would not be 
likely to affect peripheral metabolism. 
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Glucose 


Solid diet Fructose | 
(Mixed CHO) 


Glucose 


FH. Age 50, Healthy control 
24 hour intake:- 
Calories 3170 
Carbohydrates 452 gm, 
Emulsified fat 105 gm. 
Amino acids 103 gm. 


Blood glucose 


mg./100 ml. 


| 
| 
| 
| 
| 
| 


23 4 5 67 8 9 WO H 12 13 14 15 16 17 19 20 

Days 
Fic. 1. Daily blood glucose levels from patient F. H., a healthy non-diabetic laborer. The abscissae represent time in 5 et 
days and the ordinates blood glucose in mg. per 100 ml. The interrupted vertical lines separate the periods during which ewe ie 
the patient received a normal solid diet, continuous tube feeding containing glucose, and continuous tube feeding con- 
taining fructose. During fructose feeding the blood glucose values remained at the fasting level as determined in the 
initial period of the study. During glucose feeding the blood glucose level increased slightly even in this non-diabetic 

person. The increase is most marked in the final period, perhaps due to the previous absence of glucose from the diet. 


Comment: In this and in each of the following studies 
8:00 a.m. fasting blood samples were collected during 
the preliminary period of study while the patient was 
consuming an ordinary three-meal-per-day solid diet. 
The blood samples drawn each morning during the 
period of continuous tube feeding were, of course, not 
fasting. Even in this non-diabetic subject the content 
of glucose in the blood increased slightly during 
glucose feeding whereas during fructose feeding the 
value remained at the fasting level. The elevation of 
the blood glucose level was most marked in the final 
period when glucose replaced fructose in the diet. This 
may represent an impaired tolerance for glucose due 
to its previous absence from the diet for five days [24]. 


Caseu. M.E., a fifty-eight year old railway man 
weighing 170 pounds, had mild, asymptomatic, un- 
treated diabetes of three years’ duration. During the 
preliminary study period, when he was consuming a 
solid diet, his 8:00 a.m. fasting blood glucose level was 
found to be 150 mg. per 100 ml. During tube feeding 
with glucose in the mixture, the 8:00 a.m. blood glu- 
cose rose to a level of 275 mg. per 100 ml. When fruc- 
tose was substituted for glucose the blood glucose 
values returned to the fasting level. At the same time 
the amount of glucose in the urine decreased from 100 
gm. per day to 5 or 10 gm. per day, and the excretion 
of potassium sharply diminished. The amounts of 
these substances in the urine and blood quickly in- 
creased to their previous levels when feeding with 
glucose was resumed. At no time was there significant 
ketosis. The excretion of inorganic phosphate and 
nitrogen did not change; nitrogen balance was posi- 
tive throughout the study. The body weight remained 
constant. (Figs. 2 and 3.) 

Comment: In this patient with mild diabetes, fat and 
protein metabolism were not disturbed. The meta- 
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bolic change during fructose feeding was confined to 
improved assimilation of carbohydrate, as shown by 
the restoration of blood glucose to the fasting level, the 
sharp reduction of glycosuria and the retention of 
potassium. Figure 3 illustrates that the glucose 
content of the blood diminished very soon after glu- 
cose in the diet was replaced with fructose. 


Case m. C. M., a sixty-one year old photographer 
weighing 155 pounds, had moderate diabetes of four 
years’ duration. This had been well controlled with 
40 units of NPH insulin per day. While consuming the 
solid diet during the preliminary period of study, the 
8:00 a.m. fasting blood glucose level was 240 mg. per 
100 ml.; glycosuria was in the range of 30 gm. per 
day, and the blood acetone level was 15 mg. per 
100 ml. When tube feeding containing glucose was 
instituted, the blood glucose level increased to 390 mg. 
per 100 ml. and glycosuria reached 115 gm. per day. 
When fructose was substituted for glucose in the feed- 
ing mixture, the blood glucose returned to its fasting 
level, glycosuria ceased, phosphate and potassium 
excretion declined precipitously, the blood acetone 
content was reduced from 15 to 4 mg. per 100 ml. and 
nitrogen balance became strongly positive. In order 
to determine the constancy of this improvement in the 
diabetic state, continuous fructose feeding was 
maintained for three weeks. Not only did the im- 
proved status continue, as shown by the laboratory 
tests, but during this time the patient gained 10 pounds 
in body weight. (Fig. 4.) 

Comment: The data from this case of moderate dia- 
betes best exemplify the restoration of carbohydrate, 
fat and protein utilization to or toward normal by the 
constant ingestion of fructose. The effects were main- 
tained as long as fructose was continued. The study 
could not be completed by the final substitution of 
glucose for fructose as the patient, quite reasonably, 
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Fic. 2. Metabolic data from patient M. E. with mild 
diabetes mellitus. The ordinates represent blood or urine 
levels of the various metabolites which were measured. 
The abscissae represent time in days. The interrupted 
vertical lines separate the periods during which the pa- 
tient was given a normal solid diet, continuous tube 
feeding containing glucose, and continuous tube feeding 
containing fructose. The fasting blood glucose level, 
determined in the preliminary period, was 150 mg. per 
100 ml. During tube feeding with glucose in the mixture 
the blood glucose level increased to 275 mg. per 100 ml. 
and glycosuria increased to 100 gm. per day. When fruc- 
tose was substituted for glucose the blood glucose returned 
to the fasting level. The amount of glucose in the urine 
decreased to 5 or 10 gm. per day and the excretion of 
potassium sharply diminished. These values once again 
increased when feeding with glucose was resumed. Blood 
acetone levels were not elevated; the excretion of 
inorganic phosphate and nitrogen did not change and 
the body weight remained constant. 


demanded solid food at the end of twenty-five days of 
tube feeding. 


M.J.,asixty-eight year old grandmother 
weighing 123 pounds, had moderately severe diabetes 
of fourteen years’ duration which had been well con- 
trolled with 50 units of NPH insulin per day. While 
consuming a solid diet the 8:00 a.m. fasting blood glu- 
cose level was found to be 400 mg. per 100 ml., 200 


300 - 
a4 
| M.E. 58, Diabetes (mild) 
8 250- 24 he. intake: 
Calories 2923 
o Carbohydrate 417 gm. 
Emulsified fat 979m. 
© 200- Amino acids 95 gm. 
4 
= ' 
o 
> 150+ 
Glucose | Fructose 
o T T + T 
1¢] 8 16 24 32 40 
Hours 


Fic. 3. Blood glucose levels during forty hours of con- 
tinuous tube feeding, from patient M. E. with mild 
diebetes mellitus. During the time indicated by the 
interrupted vertical lines, the tube feeding contained 
fructose in place of glucose as the sole source of carbohy- 
drate. Note the decrease in the blood glucose level which 
occurred within forty-five minutes after the change was 
made. 


gm. of glucose were excreted in the urine each day, 
and the blood acetone content was in the range of 5 
to 8 mg. per 100 ml. When she was given tube feeding 
containing glucose, the blood glucose level increased to 
around 550 mg. per 100 ml. and glycosuria in- 
creased to 350 gm. per 24 hours. When fructose was 
given in place of glucose, the blood glucose returned 
to the fasting level, glycosuria diminished to around 
250 gm. per 24 hours, and phosphate excretion de- 
creased appreciably. Potassium excretion changed 
little, if at all. The levels of acetone in blood and urine 
diminished slightly, and nitrogen balance tended to 
improve. Body weight, which had been falling rapidly, 
stabilized and even rose a little. All these parameters 
deteriorated again when feeding with glucose was 
resumed. (Fig. 5.) 

Comment: The data from this patient, whose diabetes 
was considerably more severe than that of the previous 
two cases, show a well defined but less marked response 
to continuous fructose feeding. Carbohydrate reten- 
tion improved but in spite of complete assimilation 
of the fructose in the diet, ketosis, nitrogen balance and 
weight loss responded only slightly. 


Case v. S. T., a thirty-nine year old shopkeeper 
weighing 150 pounds, had severe diabetes of five 
years’ duration which required up to 120 units of NPH 
insulin daily for control. Profound diabetic acidosis 
developed so rapidly when insulin was withheld that a 
prolonged metabolic balance study was quite impos- 
sible. Therefore the rate of development of hyper- 
glycemia and ketosis during fructose feeding was 
simply compared with that which occurred during 
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Fic. 4. Metabolic data from patient C. M. with moderate diabetes mellitus. The conventions of the diagram are the 
same as for Figure 2. The fasting blood glucose level shown in the initial period was 240 mg. per 100 ml. and the blood 
acetone level was 15 mg. per 100 ml. During tube feeding with glucose the blood glucose level increased to 390 mg. per 
100 ml. and glycosuria increased to 115 gm. per day. When feeding with fructose was instituted, the blood glucose 
returned to the fasting level, glycosuria ceased, phosphate and potassium excretion sharply diminished, the blood ace- 
tone level decreased to 4 mg. per 100 ml., nitrogen balance became strongly positive, and there was a gain of 10 pounds 


in body weight over a three-week period. 


feeding with glucose. Eighteen hours before the begin- 
ning of the observation shown in Figure 6, tube feed- 
ing was started and the last dose of NPH insulin was 
given. It can be seen that glucose and acetone levels 
in the blood increased at the same rate regardless of 
the dietary carbohydrate. Within thirty-six hours the 
blood glucose reached 700 mg. per 100 ml., and the 
blood acetone, 30 mg. per 100 ml. During each thirty- 
six-hour period the patient excreted 11 L. of water, 
500 gm. of glucose and 35 gm. of acetone. In spite of 
the enormous carbohydrate loss, no fructose was re- 
covered from blood or urine. 

Comment: This patient is representative of the three 
severely diabetic patients who were studied. They 
derived no measurable improvement in their diabetes 
from the assimilation of fructose. 


Case v (cont’d.). Figure 7 describes the results of 
an experiment to determine whether the ineffective- 
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ness of feeding fructose to the severely diabetic patients 
was a manifestation of a qualitative or simply a quanti- 
tative difference in the nature of their diabetes. This 
was studied in patient S. T. by a brief observation of 
his metabolic balance while his diabetes was partially 
controlled with 50 units of NPH insulin per day. For 
one week he was fed with a tube feeding containing 
fructose, and then for five days with a tube feeding 
containing glucose. During the latter period the blood 
glucose level increased from 300 ot 400 mg. per 100 
ml. to 600 mg. per 100 ml.; glucose excreted in the 
urine increased from less than 100 gm. per day to 
300 gm. per day; nitrogen excretion increased sharply; 
and the body weight decreased. Phosphate, potassium 
and acetone levels were not altered. 

Comment: While not conclusively established by this 
experiment, it seems likely that the failure of fructose 
to influence severe diabetes is related to the extent of 
the metabolic derangement and not to any qualitative 
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Fic. 5. Metabolic data from patient M. J. who had moderately severe diabetes mellitus. The conventions of the dia- 
gram are as for Figure 2. The fasting blood glucose level while the patient was consuming a solid diet was 400 mg. per 
100 ml. When she was given tube feeding containing glucose, the blood glucose level increased to about 550 mg. per 
100 ml. and glycosuria reached 350 gm. per twenty-four hours. When fructose replaced glucose in the tube feeding, the 
blood glucose returned to the fasting level, glycosuria diminished to about 250 gm. per twenty-four hours, and phosphate 
excretion diminished slightly. Potassium excretion did not change. The levels of acetone in blood and urine diminished 
slightly, nitrogen balance improved somewhat; and the body weight stabilized. These improvements ceased when feed- 


ing with glucose was resumed. 


metabolic difference between the patients with severe 
diabetes and the milder cases. 


COMMENTS 


In modern times investigation of the effects of 
fructose by mouth has been unpopular because of 
uncertainty surrounding the extent of its con- 
version to glucose during intestinal absorption. 
Under certain experimental conditions this may 
take place at a fairly rapid rate [6,74] but under 
natural circumstances it probably does not. 


Normal intact rats receiving fructose by con- 
tinuous tube feeding exhibited high levels of 
fructose in the portal blood without increase in 
its glucose content [24]. Our opinion that con- 
version of fructose to glucose in the intestine 
during the present studies would not be of 
quantitative importance was borne out by the 
experimental results. These clearly show that 
continuous fructose feeding had a well defined 
effect on metabolism in diabetes. Not only was 
carbohydrate utilization improved, but ketosis 
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was diminished and nitrogen balance was 
restored. It was also apparent that correction of 
the metabolic lesions was not always complete 
and that in general the degree of improvement 
varied inversely with the severity of the diabetes 
as defined by the fasting blood glucose level. 
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Fic. 6. Blood glucose and acetone levels from patient 
S. T. who had severe diabetes mellitus. The abscissae 
represent time in hours. The left hand figure represents 
blood glucose levels on each of two separate days; in 
one case during tube feeding with glucose in the mixture 
(interrupted line) and in the other case during tube feed- 
ing with fructose in the mixture (solid line). The right 
hand figure represents blood acetone levels during the 
same two experiments. In each case eighteen hours be- 
fore the beginning of the measurements shown here tube 
feeding was started and the last dose of NPH insulin was 
given. Note that in this severely diabetic patient blood 
glucose and acetone levels increased at the same rate, 
irrespective of the carbohydrate in the diet. 


When this was high, acetonemia and nitrogen 
loss continued unabated, despite continuous 
ingestion of fructose. 

Metabolic Abnormalities in Diabetes Mellitus. 
Modern concepts of diabetic physiology at the 
organ and cellular level are derived largely from 
the study of experimental insulin deficiency 
induced in animals by chemical or surgical 
extirpation of the pancreatic beta cells. It is 
unlikely that hyperglycemia in the human being 
is always caused by insufficient insulin, or that 
the clinical syndrome of diabetes mellitus is a 
single disease entity [8]. With a single exception 
the present studies were performed upon weight- 
losing, potentially ketotic patients. 

Figure 8 represents current views on intra- 
cellular metabolic pathways and the chief ab- 
normalities which exist in animal diabetes 
caused by insulin deficiency. Lack of insulin 
interposes a block between glucose and glucose- 


1997 


6-phosphate, the other steps in the Embden- 
Meyerhoff cycle being intact [72]. The original 
view [73] that insulin catalyses the hexokinase 
system has been found untenable [9,52,65]. 
Levine has shown that insulin exerts con- 
trol over glucose phosphorylation by facilitat- 
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Fic. 7. Metabolic data from patient S. T. with severe 
diabetes mellitus (the same patient as in Figure 6). 
Throughout this experiment he was given 50 units of 
NPH insulin at 8:00 a.m. each day. The conventions of 
the diagram are as for Figure 2. After tube feeding with a 
mixture containing fructose for one week, he was given a 
mixture containing glucose for five days. During the 
latter period the blood glucose level increased from 300 or 
400 mg. per 100 ml. to 600 mg. per 100 ml., glycosuria 
increased from less than 100 gm. per day to 300 gm. per 
day, nitrogen excretion increased sharply, and the body 
weight decreased. Electrolyte and acetone levels did not 
change. 
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ing the transfer of glucose from the extracellular 

fluid across the cell membrane into the cell [35], 

and his observation has been proved correct by a 

number of technics [52,59]. The action of insulin 

on the membrane transfer system is a specific 

catalytic effect and is related to the spatial con- 
Cen Cen 
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Fic. 8. A highly diagrammatic representation of the chief 
steps in intracellular metabolism and the abnormalities 
which occur in experimental diabetes mellitus. The solid 
bars indicate pathways that are blocked in diabetes; the 
heavy arrows, pathways which proceed at an excessive 
rate. The site of entry of fructose into the scheme is 
based upon the work of Hers and Kusaka [23] and of 
Leuthart et al. [34]. 


figuration of the first three carbon atoms of the 
glucose molecule [20]. The diabetic cell is im- 
permeable to the glucose in the fluid surrounding 
it, so that the activity of its glycolytic cycle is 
impaired due to insufficiency of substrate, a 
situation analogous to that occurring in starva- 
tion [38,75]. The present experiments and those 
of others [3,26,45] suggest that this cellular glu- 
cose deprivation is the stimulus which causes the 
liver to bring into play mechanisms for adapta- 
tion to starvation despite the superabundance of 
glucose in the blood: gluconeogenesis increases 
[2,55,56,68,77]; the synthesis of fat [70,77,68] and 
of protein [78,25] decreases; and acetate and 
related compounds accumulate in the blood. 
The cellular permeability of fructose, which 
has a different molecular configuration from that 
of glucose, is not insulin-dependent [20]. The 
high affinity of the normal liver for fruc- 
tose [47,66] is not lost in the diabetic state. 
Diabetic liver slices utilize fructose at a normal 
rate [72,56] as does the intact organ [74,36].* 


* Studies on fructose utilization by diabetic muscle are 
lacking, nor is the status of normal muscle clear in this 
regard. In general, hindlimb perfusion experiments [40, 
66] and measurement of arteriovenous differences [69] 
have suggested good utilization of fructose by muscle, 


Fructose therefore is not subject to a block at the 
cell membrane in the presence of insulin de- 
ficiency. It can enter freely into the glycolytic 
cycle whence it may be utilized to provide 
energy, or is laid down as glycogen, or trans- 
formed to fatty acids and other compounds. 
These facts provide the theoretic basis for the 
present experiments, for by providing a con- 
tinuous supply of fructose it was possible to 
restore metabolism—at least in the liver—with- 
out supplying exogenous insulin. * 

The Effects of Continuous Fructose Feeding. ‘The 
small concentrations of fructose constantly being 
absorbed into the portal blood under the condi- 
tions of these experiments were apparently com- 
pletely removed in passage through the liver. 
Fructose was not present in arterial or venous 
blood or in the urine. Therefore although fruc- 
tose was the only carbohydrate in the diet, glu- 
cose was the only carbohydrate delivered to the 
peripheral tissues. Metabolic fragments of 
fructose may have reached the periphery at an 
increased rate but this was not reflected by an 
increase in the pyruvic or lactic acid content of 
the blood. From these observations follows the 
conclusion that the effects of continuous fructose 
feeding upon metabolism in diabetes take place 
entirely within the liver, and the suggestion 
that in diabetes the liver may be the site of the 
major metabolic abnormalities. 

The original hypothesis upon which these 
experiments were based, namely, that abolish- 
ing periods of fasting by continuous feeding of 


whereas eviscerated animals [6,73] have exhibited only 
slight fructose utilization. It may be surmised that these 
inconsistencies are related to inhibition of fructose 
utilization by the presence of glucose [39,67]. Fructose is 
utilized scarcely at all by brain [6,67]. 

* Concepts of glucose homeostasis and of the diabetic 
state will need considerable revision in the future, judging 
from fragmentary evidence available at the present time. 
With one exception [54] recent experiments suggest that 
hepatic metabolism is not directly under insulin control. 
Insulin promptly increases glucose uptake by muscle but 
it has no effect on glucose uptake by isolated liver in vitro 
[57] or by perfusion [49]. It must be given to the intact 
animal for several hours before the liver is removed for an 
effect on hepatic metabolism to be manifest [57]. There 
is no published information as to the permeability of the 
liver cells to glucose in the presence and absence of 
insulin; all experiments on permeability have been done 
on isolated muscle [52], the optic lens [59] or eviscerated 
animals [35]. Some as yet unknown humoral substance, 
not insulin, may regulate glucose uptake and utilization 
by the liver. It is of interest in this regard that the release 
of a humoral glucose-regulating substance by exercising 
muscle has been clearly established [27]. 
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fructose would inhibit gluconeogenesis, proved 
to be incorrect. During feeding with fructose the 
blood glucose behaved as though the patient 
were fasting. This is in keeping with the observa- 
tion that the hormonal glucostatic mechanisms 
of the body do not respond to fructose [70]. 
Fructose is in this sense an inert sugar which is 
removed from the blood by the liver without 
affecting or being affected by the endocrine 
balance. In the liver, fructose entered all the 
metabolic channels normally open to glucose. 
In the complete absence of exogenous insulin it 
restored to or toward normal the storage of 
carbohydrate [67], the overproduction of ketone 
bodies, the wastage of nitrogen and the loss of 
weight. The findings confirm and extend obser- 
vations which have been made in animal experi- 
ments [3,26,44,45]. Minkowski [44] observed 
long ago that pancreatectomized dogs excreted 
less nitrogen in the urine when they were fed 
fructose. Diets containing fructose restored 
hepatic fatty acid synthesis [3] and inhibited 
hepatic cholesterol synthesis [26] in otherwise 
untreated alloxanized rats. Glucose itself in high 
concentration was antiketogenic in pancreatec- 
tomized dogs [45]. These findings, together with 
our own, strongly suggest that insulin deficiency 
per se causes but a single metabolic fault: impair- 
ment of cellular permeability to glucose. The 
other metabolic aberrations occurring in ketotic, 
protein-wasting diabetic patients appear to 
result not directly from lack of insulin, but rather 
to be normal, albeit exaggerated, responses 
to the stimulus of hepatocellular carbohydrate 
depletion. 

Finally, it is necessary to explain the ineffec- 
tiveness of continuous fructose feeding in patients 
with severe diabetes characterized by high fast- 
ing blood glucose levels and intense glycosuria. 
It was not due to any inability to assimilate 
fructose. The large quantities of sugar found in 
blood and in urine consisted entirely of glucose, 
even though fructose was the only carbohydrate 
in the diet. The only possible source of this glu- 
cose was the liver; clearly then, the liver must 
have been synthesizing and releasing glucose at 
an abnormally rapid rate. It seems probable that 
glucose was escaping from the hepatic cells as 
fast as fructose entered them, that there was, 
therefore, no net gain in intracellular carbohy- 
drate, and that this was the reason why acetone- 
mia and negative nitrogen balance continued 
unabated. The present experiments indicate that 
continued accelerated hepatic glucose release, 
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which must exist in all patients with diabetes 
severe enough to cause intense glycosuria during 
fasting, is a hepatocellular derangement distinct 
from, and perhaps quite as important as, the 
defect in glucose uptake [64]. It has been con- 
firmed, both in vitro [55,56] and in vivo [77], that 
hepatic glucose production is increased in dia- 
betes,* and recent studies have shown that 
glucose-6-phosphatase activity is accelerated in 
diabetic liver [2,33]. Glucose-6-phosphatase 
commands the “final common pathway” of 
glucose release. It is affected only indirectly by 
insulin and adrenocorticoids [2]; direct regulat- 
ing mechanisms are quite unknown. This lack of 
knowledge of the factors governing the “‘exit 
side”’ of the liver cell poses a serious gap in our 
understanding of glucose homeostasis. 

The Use of Fructose in the Treatment of Diabetes in 
Man. The apparent inconsistency between the 
ineffectiveness of feeding fructose to diabetic 
patients, as practiced before the discovery of 
insulin, and the normal utilization of fructose in 
diabetes, as shown by more recent experiments, 
would seem to be adequately resolved by the 
present studies. There are at least two reasons 
why oral fructose is not a useful therapeutic 
agent: (1) Practical usage necessitates periodic 
feedings. These do not provide a continuous flow 
of substrate to the hepatic glycolytic cycle, which 
is the mechanism by which fructose is thought to 
exert its effect. (2) The diabetic liver exhibits a 
defect in the control of glucose release as well as a 
defect in the control of glucose uptake. Fructose 
overcomes only the latter. The same arguments 
apply to the use of intravenous fructose. Further- 
more, whatever its theoretic advantages [76,77, 
43,58), from a practical point of view intravenous 
glucose and insulin are safer and just as effective. 
Fructose obscures the laboratory picture, leads 
to unexpected hypoglycemic reactions, and does 
not hasten recovery from ketosis [46]. 


SUMMARY 


The metabolic effects of fructose have been 
studied in one healthy subject and in eight dia- 
betic patients by observing their metabolic 
balance while feeding them continuously with a 
synthetic liquid diet containing fructose as the 
sole carbohydrate. In each case treatment with 
insulin was stopped. The mixture was pumped 
through a tube into the gastrointestinal tract at a 


* The contrary or equivocal results found by the 
hepatic vein catheterization technic [5,7,75] may be sur- 
mised to be due to the nature of the cases studied. 
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slow, constant rate around the clock. Fructose 
given in this way was completely utilized or 
stored; none was recovered from the blood or the 
urine. During continuous feeding with fructose 
the blood glucose in each patient stabilized 
at his own particular fasting level, never below it. 
Glycosuria diminished, or disappeared if the 
fasting level was below the renal threshold. 
Coincidentally with the improved utilization of 
carbohydrate, potassium and phosphate were 
retained in considerable amounts. 

By continuously providing a carbohydrate 
such as fructose which can be utilized without 
insulin by the patient with diabetes, it was possi- 
ble in the milder cases to correct or improve the 
overproduction of acetone, the negative nitrogen 
balance and the loss of weight, in the complete 
absence of exogenous insulin. Since no fructose 
was present in the peripheral blood its effects 
apparently originated within the liver. These 
findings confirm and extend those of others in an- 
imal experiments, and strongly suggest that the 
abnormalities of fat and protein metabolism in 
diabetes are not due to lack of insulin per se but 
are caused by the impairment of normal utiliza- 
tion of carbohydrate which occurs with insulin 
deficiency. 

Fructose was not effective in severe diabetes 
characterized by high fasting blood glucose 
levels, intense glycosuria and rapid onset of 
severe ketosis. Reasons are given for attributing 
the ineffectiveness of fructose in these patients to 
an accelerated rate of hepatic glucose release, 
so that no gain in the amount of carbohydrate 
available within the liver cell can occur. Knowl- 
edge of the mechanisms governing the rate of re- 
lease of glucose from the liver cells is fragmentary. 

It is our opinion that the therapeutic useful- 
ness of fructose is slight. Its continuous or very 
frequent administration is not practical under 
ordinary circumstances. Of greater importance 
is the fact that while it bypasses the defect in 
hepatic glucose uptake, it does not inhibit the 
accelerated rate of hepatic glucose release. In the 
severely diabetic patient the latter appears to be 
a significant metabolic lesion. 
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The Management of Hepatic Coma in 
Relation to Protein Withdrawal and Certain 
Specific Measures’ 


W. H. J. SUMMERSKILL, D.M.,t STANLEY J. WOLFE, M.D.{ and CHARLES S. DAVIDSON, M.D. 


Boston, Massachusetts 


ROGRESSIVE liver disease of any etiology may 
| gtteme in hepatic coma and the grave 
prognosis of this complication is generally ac- 
cepted. Recent contributions to the symptoma- 
tology and metabolic basis of hepatic coma have 
led to the introduction of new methods of treat- 
ment which demand critical appraisal as results 
are often equivocal. Interest in therapy was 
stimulated by the demonstration of a relation- 
ship between the neuropsychiatric disorder and 
toxic nitrogenous substances derived from the 
intestines. The characteristic syndrome and 
electroencephalogram changes [7] can be in- 
duced in some patients with liver disease by 
dietary protein and certain other nitrogenous 
substances given orally [2,3]. Identical changes 
may occur spontaneously in a chronic form in 
patients with extensive portal collateral circula- 
tions [4] or following portacaval anastomosis [5] 
and amelioration follows reduction of protein 
intake. No specific nitrogenous metabolite has 
been incriminated beyond dispute but ammonia, 
which can reach the nervous system because of 
inadequate removal from portal blood by a dis- 
eased liver or as a result of deviation through 
portal collateral vessels [6], may be the toxic 
agent [7-70]. 

Treatment aimed at reducing the formation 
of ammonia and other toxic nitrogenous sub- 
stances in the intestines by withdrawal of pro- 
tein and the administration of oral broad- 
spectrum antibiotics [3] has had striking results 
in hepatic coma complicating liver disease of 


varied etiology [77]. To combat the possible role 
of ammonia in the genesis of coma, glutamic 
acid was introduced as a therapeutic agent [72], 
but with conflicting reports of its effectiveness 
[3,73-16]. Evidence of deranged intermedi- 
ary metabolism in hepatic coma [77,78] has 
prompted a trial of lipoic acid [79] which 
facilitates the oxidative decarboxylation of 
a keto-acids. Cortisone and hydrocortisone 
have been exhibited in hepatic coma in the 
hope of improving liver function but experience 
with these drugs, except in some cases of viral 
hepatitis, has been disappointing [20-22]. Assess- 
ment of any therapy is particularly difficult in 
small, uncontrolled groups of patients owing to 
the varied prognosis associated with the different 
factors which may contribute to coma in any 
individual case, and this may explain the lack 
of accord concerning the properties of various 
agents. Moreover, the reported success of pro- 
tein restriction with antibiotic therapy not only 
demands more extensive application of this 
treatment but also raises the possibility that 
conflicting results with other forms of therapy 
might be related to associated variations in 
dietary protein, in supportive measures during 
their administration, or in the case material 
studied. 

In this paper an attempt has been made to 
resolve these difficulties by studying two large 
groups of patients in hepatic coma. One group 
was treated by protein deprivation and orally 
administered broad-spectrum antibiotics, the 
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Management of Hepatic Coma—Summerskill et al. 


TABLE I 
AND TREATMENT 


DETAILS OF PATIENTS 


Serum 
Patient, Duration | Stage at anaes ; Response to 
Age, Comments of Coma Which Bilirubin Ascites Dose and Duration Setemn 
Sex (days) Treated (me./ ” | of Specific Therapy | and Result 
Group A—Protein Withdrawal and Antibiotics 
No Additional Therapy 
.D.f¢ | Urinary tract infection 8 Coma 13.0 | Improved, 
46, F recovered 
58, M | died 
E. C.f Septicemia 10 Coma 3.0 Improved, 
64, F recovered 
as 7 Coma 2.0 | Improved, 
60, F | | recovered 
30, F coma died 
5 Impending 26.0 | + None, died 
56, M coma 
29, F coma 
M. S.f | Massive gastroin- 9 Impending 18.4 + | Improved, 
65, F testinal hemorrhage, | coma died 
uncontrolled | 
L. G.¢ | Septicemia 9 Impending | 1.7  gakvuiessaeresssee4 | Improved, 
44, F coma | | recovered 
J. C.t Gastrointestinal hem- | 7 Impending None, died 
41, M | orrhage, controlled; coma 
pulmonary edema_ | 
after NaCl infusion | | 
O. H.f | Gastrointestinal hem- | 7 Impending Mek Improved, 
34, M | orrhage, controlled | coma | recovered 
by surgery | | 
D. G.¢ | Gastrointestinal hem- | 5 Impending 4.4 ad Improved, 
57, M | orrhage, controlled | coma | | recovered 
P. T.+ | Gastrointestinal hem- | 5 Coma | Improved, 
47,M_| orrhage, controlled | | recovered 
M. W.f | Gastrointestinal hem- | 8 Impending Improved, 
60, F orrhage, uncon- coma died 
trolled, and cardiac 
failure 
63, M | and peripheral coma died 
vascular failure 
37,M recovered 
A. | Septicemia 2 Impending 5.8 Improved, 
62, F coma | recovered 
54,M | died 
51, M coma | recovered 
48, M coma died 
Additional Therapy with Protein Withdrawal and Antibiotics 
V. S.|| Terminal gastroin- 9 Impending 42.0 + Protein withdrawal None 
50, M | testinal hemorrhage, coma and antibiotics 
Cortisone 900 mg. in | None 


uncontrolled 


three days 
Lipoic acid 240 mg. in 
three days 


None, died 
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TABLE 1 (Continued) 


DETAILS OF PATIENTS AND TREATMENT 
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| Serum R 
Age, Comments | of Coma Which (mg. /100 Ascites | or Specific Therapy Treatment 
Sex | | (days) Treated ail ) and Result 
M. T.¢ | Terminal aspiration | 23 Impending 3.0 + | Protein withdrawal None 
42,F | pneumonia | coma and antibiotics 
Aspartic acid 12.0 gm. | None, 
in four hours died 
P. S.t Gastrointestinal hem- 4 Impending 2.9 | + | Protein withdrawal None 
65, M | orrhage, uncon- coma and antibiotics 
| trolled Aspartic acid 45 gm. | None, 
| in two days died 
K. M.f | Terminal pneumonia 6 Impending | 6.6 0 | Protein withdrawal None 
39, F coma | and antibiotics 
| Glutamic acid 50 gm. | None, 
| in two days died 
K. B.¢ | Terminal gastroin- 22 _Coma 37.5 + | Protein withdrawal Improved 
53, M__ testinal hemorrhage, | | and antibiotics 
uncontrolled Cortisone 5.8 gm. in | None 
twenty days 
Lipoic acid 100 mg. in | None 
twenty-four hours 
Glutamic acid 90 gm. | None, 
in three days died 
J. B.4 Portacaval 120 |Coma 5.0 | O Protein withdrawal Improved 
65, M | anastomosis | | and antibiotics 
4.6 0 Lipoic acid 100 mg. in | None 
| | twenty-four hours 
5.8 | 0 | Glutamic acid 180 gm. | None, 
in six days died 
18 | Impending | 1.9 | + | Protein withdrawal None 
36, M coma and antibiotics 
| | Glutamic acid 320 gm. | None, 
| in four days died 
17 | Impending | 13.8 | + Protein withdrawal Improved 
67, F | coma | and antibiotics 
| | Lipoic acid 400 mg. | None 
in four days 
Glutamic acid 105 gm. | None, 
| in three days died 
C. R.t | Portacaval 5 | Coma 4.0 | 0 Protein withdrawal None 
37, I anastomosis and antibiotics 
| Lipoic acid 150 mg. | None, 
| in twenty-four hours | died 
75 Impending 7.1 | + Protein withdrawal Improved 
68, F | coma and antibiotics 
Lipoic acid 400 gm. in | None 
four days 
| Glutamic acid 500 gm. | None, 
in five days recovered 
E. S.t col 2 Impending 3.0 0 Protein withdrawal Improved, 
70, M | | coma and antibiotics recovered 
| Septicemia | 37 Impending 12.5 + Protein withdrawal None 
coma and antibiotics 
Lipoic acid 700 mg. in | None, 
seven days died 
F. O.7 | Gastrointestinal hem- 23 Impending 5.7 + Protein withdrawal None 
32, M | orrhage, controlled coma and antibiotics 
Glutamic acid 100 gm. | Improved 
in four days 
Lipoic acid 200 mg. in| None, 
| two days recovered 
jury, 1957 
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TABLE 1 (Continued) 


DETAILS OF PATIENTS AND TREATMENT 


Patient, Duration | Stage at — Dose and Duration | Response to 
Age, Comments of Coma Which (mg./100 Ascites} o¢s ecific Thera Treatment 
Sex (days) Treated ao ) P PY | and Result 

S. J.¢+ | Gastrointestinal hem- 4 Coma 1.0 0 Protein withdrawal None 
63, F orrhage, controlled and antibiotics 
Glutamic acid 50 mg. | None, 
in two days died 
R. R.f | Terminal gastroin- 7 Impending 24.0 + Protein withdrawal Improved 
49, F | testinal hemorrhage, coma and antibiotics 
uncontrolled Cortisone 600 mg. in | None, 
two days died 
| 
Group B—Protein Allowed during Treatment 
No Specific Therapy 
L. D.¢ | Urinary tract infection 16 Impending | 28.0 None, 
48, M coma died 
5 Impending 19.0 Improved, 
46, M coma died 
7 Impending 4.0 None, died 
76, M coma 
65, M coma 
K. M.f | Septicemia 24 Impending | 32.0 | Improved, 
41, F coma | died 
S.N.t | Congestive cardiac 13 Coma 3.8 tab Improved, 
58, M | failure and diamox died 
administration 
Glutamic Acid 
15 Impending 37.0 + 92 gm. in two days None, died 
58, M coma 
A. P.ff | Surgical operation, 7 Coma 24.0 + 355 gm. in four days | Improved, 
67, F terminal gastroin- died 
testinal hemorrhage, 
uncontrolled 
5 Coma 24.5 0 175 gm. in thirty-five | None, died 
46, F hours 
120 Coma 2.0 + 103 gm. in seventeen | Improved, 
49, F hours died 
6 Impending 46.0 + 69 gm. in three days | None, died 
37, F coma 
4 Impending 22.8 23 gm, in twenty-four | None, died 
54, F coma hours 
7 Impending 19.2 + | 46 gm. in two days None, died 
49, M coma 
J. K. *¢ | Carcinomatosis 16 Impending 9.0 + |69 gm. in three days | None, died 
67, M coma 
E. C.*f | Paracentesis 14 Impending By + 69 gm. in three days | None, died 
51, F abdominis coma 
33 Coma 10.0 + | 69 gm. in three days | None, died 
64, M 
Cortisone or Hydrocortisone 
8 2 ear 15 Impending 38 .6 0 Cortisone 1.8 gm. in | None, died 
45, M coma twelve days 
I. M.f | Terminal gastroin- 10 Impending 29.0 + | Cortisone 9.0 gm. in | None, died 
55, F | testinal hemorrhage, coma seven days 


uncontrolled 
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DETAILS OF PATIENTS AND TREATMENT 


TABLE 1 (Continued) 


| 
| 
Patient, | Duration Stage at Pm a Response to 
Age, | Comments of Coma Which (mg. /100 Ascites of Specific Therapy Treatment 
Sex | (days) Treated ml.) and Result 
19 Coma 4.0 Cortisone 500 mg. in | Improved, 
52, M twenty-four hours died 
Vide supra| Impending | Videsupra; + Hydrocortisone 0.7 None, died 
49, F coma gm. in six days 
V. A.*f | Urinary tract 44 Coma 1.2 + | Cortisone 0.6 gm. in | Improved, 
63, M | infection twenty-four hours died 
4. G.*t | Gastrointestinal hem- 28 | Coma 6.9 0 Cortisone 1.9 gm. in | None, died 
56, F orrhage, pneumonia | three days 
20 Impending 24.0 + | Hydrocortisone 0.57 | None, 
44, M | | coma gm. in eight days recovered 
7 | Coma 11.4 | Hydrocortisone 1.35 | None, died 
44,M | gm. in two days 
5 | 16.4 + | Hydrocortisone 0.9 None, died 
35, F | gm. in two days 
Aspartic Acid 
L. | Gastrointestinal hem- | 15 | Impending | + 10 gm. in two hours None, died 
50, M | orrhage, uncon- | coma | 
Lipotc Acid 
| Vide supra} Impending | Vide supra 40 mg. in two days None, died 
52, M | coma 
I. B.t 13 Impending 11.0 + | 80mg. in three days | None, died 
58, M | coma 
24 Impending 25.6 + | 60 mg. in two days None, died 
56, M coma 
5 Coma 11.6 + 120 mg. in three days | None, died 
68, M 
C. R.f | Portacaval 2 Impending 1.0 0 80 mg. in two days Improved, 
37, F | anastomosis coma recovered 
| 8 Impending 25.0 0 400 mg. in four days | None, died 
43, M | coma 


* Reported by Webster and Davidson [75,23]. 
t+ Cirrhosis of the alcoholic subject. 
t Cirrhosis of unknown etiology. 

§ Ischemic hepatic necrosis. 
| Carbon tetrachloride poisoning. 
" Cirrhosis and hemochromatosis. 
** Cirrhosis and Wilson’s disease. 


tt Hepatic lymphoma. 
tt Biliary cirrhosis. 


patients in the second group received protein 
during therapy. Some patients in both groups 
received additional treatment with glutamic 
acid, aspartic acid, lipoic acid, cortisone or 
hydrocortisone. Aspartic acid was introduced 
as a therapeutic agent because effective reduc- 
tion of blood ammonia concentrations was antic- 
ipated, and indeed was obtained on three 
occasions. The group of patients who received 
protein included fourteen patients treated with 


jury, 1957 


glutamic acid, cortisone or hydrocortisone re- 
ported by Webster and Davidson [75,23] and 
four patients treated with lipoic acid by Brin 
(at whose suggestion lipoic acid therapy was 
instituted) and his colleagues [24]. 

The relationship of treatment to prognosis and 
certain associated biochemical disorders, with 
special reference to deranged metabolism of am- 
monia and a keto-acids, are considered and the 
therapy of choice in hepatic coma is discussed. 


o 
| 
2 
ie 
; 
qe 
i 
f 
; 
4 
» 
4 
2 
‘ 
a 


64 Management of Hepatic Coma—Summerskill et al. 


MATERIAL AND METHODS 


Patients Studied. Sixty-three patients were studied 
consecutively on the general wards of the Boston City 
Hospital or on the ward of the Thorndike Memorial 
Laboratory. (Table 1.) Patients who died or recovered 
within forty-eight hours of admission were excluded as 
they were often either moribund from uncontrolled 
complications such as gastrointestinal hemorrhage or, 
on the other hand, had trivial neurologic disorders 
which disappeared spontaneously. Nine patients, six 
of whom died, were considered unsuitable for thera- 
peutic assessment on these grounds. For this reason 
patients were also excluded if (1) the neurologic dis- 
order was induced solely by agents such as ammonium 
chloride or diamox,® and (2) when fluctuating chronic 
neuropsychiatric disturbance was associated with 
stable liver function and an extensive portal collateral 
circulation [4,5]. Two patients (C. R., E. S.) were 
admitted in hepatic coma on two separate occasions, 
thus making a total of sixty-five episodes of coma 
treated. 

Fifty-three patients had hepatic cirrhosis asso- 
ciated with chronic alcoholism and four patients had 
cirrhosis of uncertain etiology. One instance each of 
ischemic hepatic necrosis, hemochromatosis, Wilson’s 
disease, hepatic lymphoma, biliary cirrhosis and car- 
bon tetrachloride poisoning accounted for the diag- 
nosis in the remaining six patients. Clinical and bio- 
chemical findings were supplemented by histologic 
evidence from liver biopsy or autopsy in forty-two 
patients. 

Groups of Patients in Relation to Protein Administration. 
The patients were divided into two main groups. 
(Table 1.) The thirty-four patients in Group A were 
treated with a regimen involving exclusion of protein 
and other nitrogenous substances from the diet, to- 
gether with the administration of oral broad-spectrum 
antibiotics and enemas. The thirty patients in Group 
B received protein during treatment. This group was 
comprised of twenty-one patients who were studied 
before the introduction of the Group A regimen (in- 
cluding fourteen patients reported elsewhere [75,23]), 
and nine patients treated subsequently under circum- 
stances in which the indications for protein exclusion 
were unacceptable. One patient (C. R.) is included in 
both groups. 

Factors which influence the onset of hepatic coma 
include the state of liver function, the extent of the 
portal collateral circulation, incidents such as gastro- 
intestinal hemorrhage, intercurrent infection or para- 
centesis, the previous administration of excess dietary 
protein or certain drugs, together with pre-existent 
or coincident disease. A strictly controlled investiga- 
tion of therapy in the condition is therefore difficult 
to accomplish and it is not suggested that valid con- 
clusions regarding therapy can be drawn simply from 
an over-all comparison of results in Group A and B. 
Rather, some indication is given of the prognosis in 
relation to protein administration and_ specific 


therapy in patients with the same background and 
treated under the same circumstances. Furthermore, 
although there are differences in the constitution of 
the groups, valid inferences concerning treatment can 
be drawn by comparing results in regard to clinical 
findings common to patients in both groups. 

The Regimens of Treatment. On admission to the 
hospital, any factors associated with the onset of 
coma, such as gastrointestinal hemorrhage or inter- 
current infection, were treated immediately and drugs 
known to predispose to hepatic coma (such as am- 
monium salts, methionine, diamox, opiates, barbitu- 
rates, paraldehyde) were withdrawn. Important 
adjuvant measures included supplements of vitamins, 
including vitamin K, and potassium chloride. As 
potassium deficiency may occur, particularly in pa- 
tients who receive large amounts of carbohydrate 
without adequate protein, frequent biochemical 
and electrocardiographic control was exercised. The 
indications for sodium restriction were based on the 
presence of edema or ascites. Sedation was given only 
when strongly indicated; small doses of chlor- 
promazine or phenobarbital appeared to be tolerated 
best. 

In Group A, protein, amino acid hydrolysates and 
other nitrogenous substances were excluded from the 
diet. A daily intake of at least 1,500 calories w2s main- 
tained with carbohydrate. The administration of this 
diet depended on the condition of the individual pa- 
tient but it was most conveniently given in the form 
of dexin®* (a partially hydrolyzed starch) or 10 to 20 
per cent glucose in fruit juice by a slow, intermittent 
intragastric infusion. Glucose was given intravenously 
if necessary. When reduction of fluid intake is desir- 
able, solutions of up to 40 per cent can be introduced 
through polyethylene tubing into a large vein [77], thus 
avoiding the danger of thrombosis of smaller vessels 
by such concentrated solutions. Chlortetracycline or 
tetracycline was administered orally or by stomach 
tube in doses of 1 to 2 gm. daily. Fecal material in the 
lower intestines was removed by an initial enema, and 
regular bowel movements were subsequently estab- 
lished by the administration of magnesium sulphate 
or enemas, depending on the patient’s condition and 
dietary intake. 

When unequivocal improvement occurred anti- 
biotics were discontinued and, after forty-eight hours, 
protein was introduced into the diet in the form of 
lonalac®t (a low-sodium milk product) or whole milk 
equivalent to 20 gm. of protein. When there was 
continued progress, 20 gm. increments of protein were 
added on alternate days until the patient was restored 
to a normal diet. Relapse was an indication for im- 
mediate return to protein exclusion, antibiotics and 
enemas. 


* Provided through the courtesy of Burroughs 
Wellcome Co., Tuckahoe, N. Y. 

T Provided through the courtesy of Mead Johnson and 
Company, Evansville, Ind. 
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TABLE II 
SUMMARY OF TREATMENT AND CLINICAL RESPONSE 


| 


Specific Therapy 


Group A Group B 
| (35 episodes in 34 patients) 


(30 patients) 


| 


Patients | Recovered | Patients | Improved | Recovered 


| 


> 
& 
& 
COW 


1 1 | 10 2 
1 
- | 9 2 1 
2 6 | 1 1 


The management of patients in Group B was simi- 
lar, except that protein was given and broad-spectrum 
antibiotics and enemas were not specifically included 
in the treatment. These patients received protein 
daily in amounts of 60 gm. or less orally or by intra- 
gastric tube as lonalac or as part of the ward diet. 

Additional Therapy with Specific Agents. Fourteen 
patients in Group A and twenty-four patients in 
Group B received therapy in the form of glutamic 
acid, aspartic acid, lipoic acid, cortisone or hydro- 
cortisone. (Tables 1 and u.) The criterion for this 
supplementary therapy in Group A was the patients’ 
failure to improve after forty-eight to seventy-two 
hours of protein deprivation and antibiotic therapy. 
L-Glutamic acid*f was given orally or intravenously, 
as sodium or sodium and potassium glutamate, in 
amounts from 23 to 400 gm. daily. p,L-Aspartic 
acid* (10 to 40 gm. daily) was given intravenously as 
sodium and potassium aspartate. Lipoic acid in the 
form of sodium-a-lipoate* { was administered intra- 
venously or intramuscularly in doses of 20 to 100 mg. 
daily. On three occasions an intravenous solution 
containing lipoic acid, 100 mg.; pantethine,§ 20 mg.; 
magnesium sulphate, 1 gm.; biotin,* 5 mg. and potas- 
sium chloride, 3 gm. in 1 L. of 5 per cent dextrose, 
was given daily. Cortisone* or hydrocortisone * was 
given intramuscularly in doses of 100 to 700 mg. daily. 

Clinical Assessment. Accurate assessment of any 
therapeutic agent in hepatic coma is impeded by 
fluctuations in the clinical condition and the frequent 
disparity between the mental disorder and objective 
neurologic signs. Consequently, no more than two 
well defined stages in the syndrome have been recog- 
nized in this investigation. The term, ‘impending 
coma”’ is restricted to patients in whom gross mental 


* Provided through the courtesy of Merck & Co., Inc., 
Rabway, N. J. 

+ Provided through the courtesy of Gray Pharma- 
ceutical Co., Inc., Newton, Mass. 

t Provided through the courtesy of Lederle Labora- 
tories Division of American Cyanamid Company, Pearl 
River, N. Y. 

§ Provided through the courtesy of Parke, Davis & 
Co., Detroit, Mich. 
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disorder was associated with objective neurologic 
disturbance, of which a “flapping tremor”’ [7] was the 
most common, and “‘coma”’ refers to patients who 
responded only to painful stimuli or not at all. Except 
when specified, the term “‘hepatic coma” has other- 
wise been used to include impending coma. 

Patients are classified as “improved’’ during the 
course of treatment only if they recovered conscious- 
ness after coma, or had no residual neuropsychiatric 
disorder after an episode of impending coma. “‘Re- 
covery” indicates that the patient had improved 
sufficiently to be able to leave the hospital. 

Biochemical Methods. Tests of liver function and 
serum electrolyte determinations were performed in 
every patient, using standard methods reported 
earlier [75]. Blood ammonia concentrations were 
measured by a modification [5] of Conway’s technic 
[25] and blood a-ketoglutarate and pyruvate values 
were estimated by the method of Seligson and 
Shapiro [26]. 

RESULTS 


Predisposing and Precipitating Factors in Relation 
to Hepatic Coma. ‘The great majority of patients 
drank alcohol heavily until admission to the 
hospital and impaired liver function was the 
most important factor contributing to coma in 
nearly all the patients. Elevated serum bilirubin 
concentrations were almost invariable and more 
than 60 per cent of the patients in each group 
had ascites. (Table 1.) Gastrointestinal hemor- 
rhage was the commonest contributing factor 
and precipitated or complicated hepatic coma in 
twelve instances in Group A and in three pa- 
tients in Group B. Death was determined by 
factors other than primary liver disease on four 
occasions. Three patients in Group A (E. L., 
M. T., J. C.) died from ischemic heart disease, 
aspiration of gastric contents, and pulmonary 
edema following intravenous infusion of saline 
solution, respectively. 

The influence of predisposing factors in the 
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TABLE 


FACTORS IN PROGNOSIS IN 


RELATION TO TREATMENT 


| 


Data 
| Patients 
Jaundice: | 
Serum bilirubin (mg./100 ml.) 
15 
Gastrointestinal hemorrhage: 
6 
Uncontrolled or terminal.................. 6 


Stage at which treated: 


11 
Duration of impending coma or coma (days): 


Group A ! Group B 
(35 episodes in 34 patients) (30 patients) 
— 
Improved | Recovered Patients | Improved | Recovered 
6 1 12 1 1 
7 5 11 én 
9 7 7 4 1 
15 | 8 } 23 4 1 
4 4 | 14 1 | 
3 | 
| | 
15 8 | 19 s F ® 
8 5 11 4 
9 7 12 2 | 1 
6 3 6 
9 3 | 12 | 3 | 1 


genesis of hepatic coma is hard to assess. Stigmas 
of alcoholism, particularly malnutrition and 
peripheral neuritis, were frequently present and 
symptoms of alcohol withdrawal occasionally 
occurred during hepatic coma. Intercurrent 
infection was common in the alcoholic patients, 
occurring in six patients in Group A and five 
patients in Group B. Septicemia was present in 
five patients, while three had pneumonia and 
three had severe urinary tract infections. (Table 
1.) Although age and sex may have determined 
prognosis in some patients, these items were 
found to have no statistical influence in aggre- 
gate, thus emphasing the importance of those 
factors which will be detailed. 

Liver Function. Assessment of liver function 
was based on the presence of jaundice and 
ascites. Progressive deterioration of liver func- 
tion with increasing icterus in the alcoholic 
patient [27] was a frequent finding. The inci- 
dence of severely jaundiced patients was greater 
in Group B. On the other hand, liver cell failure 
sometimes occurred with only mild icterus and 
four patients with cirrhosis in Group A, who were 
reformed or non-alcoholics (J. G., M. T., E. E., 
L. H.), exhibited profound emaciation, ascites 


resistant to treatment and hepatic coma unre- 
lated to any precipitating factor, in the absence 
of deep jaundice. 

With these reservations, prognosis was clearly 
related both to the depth of jaundice and the 
presence of ascites in both groups (Table 11), 
in terms of improvement and recovery. Only 
two patients with serum bilirubin concentrations 
greater than 20 mg. per cent recovered (J. R., 
J. S.). Survival was much greater in patients 
treated by protein deprivation and antibiotics 
when icterus was moderate (35 per cent re- 
covery) or relatively mild (50 per cent recovery). 
A much higher rate of improvement (that is, 
return to consciousness from coma or complete 
disappearance of impending coma) was also 
associated with this therapy. The presence of 
ascites also indicated a poor prognosis, particu- 
larly in patients who received protein. Two- 
thirds of the patients with ascites in Group A 
improved but only half of these ultimately re- 
covered. However, this recovery rate far ex- 
ceeded either improvement or survival in 
patients in Group B. 


Gastrointestinal Hemorrhage. In twelve patients 


in Group A gastrointestinal hemorrhage precipi- 
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tated or complicated coma. (Table m.) When 
hemorrhage was controlled (by balloon tam- 
ponage with aspiration of gastric contents, by 
surgery or by spontaneous arrest) four of six 
patients recovered. The deaths were due to 
unrelated causes (malignant lymphoma [S. J.] 
and pulmonary edema after infusion of saiine 
solution C.]). Gastrointestinal hemorrhage 
could not be arrested in six patients in this group 
and all died. In three instances bleeding oc- 
curred as a terminal event; except for one 
(M. W.), all these patients were deeply jaun- 
diced or had ascites, and failure of therapy was 
presumed to be related to liver disease. Gastro- 
intestinal hemorrhage occurred in three patients 
in Group B, all of whom died under circum- 
stances comparable to those of the patients in 
Group A. 

Stage at Which Treated. A greater proportion 
of patients in Group A recovered (nearly 50 per 
cent) or improved when first treated in coma (33 
per cent recovery) than when therapy was insti- 
tuted during impending coma. (Table m.) The 
only two patients to recover in Group B had 
impending coma, although four comatose pa- 
tients showed transient improvement. From 
these results there is no evidence that loss of 
consciousness itself was an adverse prognostic 
factor in hepatic coma in our patients. 

Duration of Neuropsychiatric Disorder. With 
protein restriction, there was a fair relationship 
between the duration of neurologic complica- 
tions and ultimate prognosis. (Table mm.) The 
best results in respect to survival were achieved 
during the earlier phase of coma in Group A, 
although a higher proportion of patients with 
symptomatology of longer duration showed 
improvement. This reflects the various factors 
contributing to hepatic coma at different stages 
of disease. Those who died or recovered during 
the first week were, in large part, patients with 
only moderately impaired liver function and 
mild, transient neurologic disorder (C. R., 
Group B; J. D., Group A) or with precipitating 
factors such as gastrointestinal hemorrhage 
(O. H., D. G., P. T.) which could be readily 
controlled. However, some patients who de- 
teriorated rapidly (V. M., P. S., S. J., L. M., 
W. G.) without response to treatment are also 
included in this group. Patients who survived 
more than two weeks, on the other hand, in- 
clude a large number whose initial response to 
therapy was encouraging but in whom slowly 
progressive liver failure led to a fatal termination 


guav, 8937 


(V. M., H. M., K. B., J. B., E. S.). The mean 
duration of coma in both groups was similar but 
a much higher proportion of patients in Group 
A showed improvement or recovery at each 
stage, particularly in the earlier phases. (Table 
III.) 

Protein Withdrawal in Hepatic Failure. De- 
terioration of liver function was the commonest 
cause of hepatic coma in our patients; malnutri- 
tion frequently was an additional factor. Despite 
these considerations, six patients with serum 
bilirubin concentrations ranging from 5 to 32 
mg. per cent recovered after as long as twenty- 
two days of protein deprivation and seven others 
showed improvement on this regimen. These 
results are in contrast to those in similar patients 
in Group B who received protein in variable 
amounts. Three patients (M. G., K. M., S. N.) 
in Group B were treated initially by protein 
withdrawal and all showed improvement; 
subsequently a small daily protein intake of 
20 gm. was allowed. Three other patients (L. D., 
R. M., L. V.) received 20 gm. of protein daily 
throughout their illness. All these patients 
exhibited progressive deterioration in liver 
function while receiving protein and died in 
hepatic coma. 

The Effect of Enemas. The importance of 
evacuating bowel contents and assuring regular 
bowel movements subsequently was difficult to 
assess but is supported by two patients whose 
recovery from coma appeared to be directly 
related to bowel function: 


Patient J. D. This patient (Table 1), was main- 
tained on a 60 gm. protein diet with sodium restric- 
tion. Impending coma developed while he was in the 
hospital. There was no apparent precipitating factor 
but it was noted that he had had no bowel movement 
in the previous five days. He improved rapidly follow- 
ing protein withdrawal, chlortetracycline administra- 
tion and an enema. Subsequently the 60 gm. protein 
diet was continued but, following three days of 
constipation confusion and objective neurologic signs 
again occurred. He was grossly disoriented, exhibiting 
perseveration of speech and movement, grimacing, 
catatonia, exaggerated tendon reflexes and a flapping 
tremor. He was maintained on a constant protein 
intake despite these findings and treatment by 
enema alone was followed by rapid recovery. 


Patient J. B. This patient (Table 1) showed con- 
stant mild confusion and tremor over a period of 
weeks while receiving a 30 gm. protein diet. Rare 
episodes of stupor responded to the standard treat- 
ment. On one occasion stupor followed a three-day 
period of constipation. A satisfactory enema was fol- 
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Fic. 1. Arterial ammonia concentrations in relation to treatment by protein with- 
drawal and oral broad-spectrum antibiotics. 


lowed by the patient’s recovery within twelve hours, 
despite continuation of the previous protein intake. 


Arterial Blood Ammonia Concentration during 
Therapy. A relationship between dietary pro- 
tein and other nitrogenous substances in the in- 
testines and arterial blood ammonia levels dur- 
ing hepatic coma was established in Group A. It 
was also shown that the elevation of blood 
a-ketoglutarate and pyruvate concentrations in 
hepatic coma was related to deranged ammonia 
metabolism [28]. During periods of protein 
withdrawal and antibiotic therapy there was a 
decline in arterial blood ammonia concentra- 
tions (Fig. 1), which was at its greatest during 
the fifth to tenth day. Patients who recovered 
showed an earlier and more profound fall in 
arterial blood ammonia concentrations, whereas 
a late elevation, possibly related to release of 
ammonia from certain tissues or loss of sensitivity 
of intestinal flora to antibiotics, occurred in fatal 
cases. 

Blood Electrolyte Disorders in Hepatic Coma. 
The cause and effect relationship of abnormal 
blood electrolyte concentrations in terminal liver 
disease is uncertain. The most common pattern 
observed in our patients was hyponatremia and 
nitrogen retention, often accompanied by low 


blood chloride and bicarbonate concentrations. 
Hypokalemia was inconstant, but serum potas- 
sium concentrations below 3.7 mEq./L. were 
present in six patients in Group A. The changes 
were most severe in the presence of hepatic fail- 
ure with ascites, and the patients affected were 
oliguric with negligible urinary sodium excre- 
tion. These patients were on low sodium regi- 
mens but in no instance could the biochem- 
ical abnormalities be related to paracentesis 
abdominis. 

When present in a severe degree, these changes 
were associated with a poor prognosis. Five 
patients were treated with hypertonic saline 
solution, 200 ml. of a 5 per cent solution intra- 
venously. (Table rv.) On two occasions (L. H., 
F. K.) transient clinical improvement followed 
the infusion but it was without effect in the 
others and patient J. C. died from pulmonary 
edema subsequent to the procedure. No sus- 
tained improvement in clinical condition or 
urine output was noted in any patient and all 
eventually died. Elevation of the serum sodium 
concentration occurred in two patients (C. M., 
F. K.) but nitrogen retention was more severe 
following the infusion in both cases. 

Specific Therapy. Certain patients in both 
groups were treated with glutamic acid, aspartic 
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TABLE IV 
SERUM ELECTROLYTE AND NON-PROTEIN NITROGEN CONCENTRATIONS IN PATIENTS WHO RECEIVED 5 PER 
CENT SODIUM CHLORIDE INTRAVENOUSLY 


Serum 
Time of Serum Serum Serum | Serum __| Non-protein 
Patient essay Sodium | Potassium Chloride | Bicarbonate Nitrogen Comments 
(mEq./L.) | (mEq./L.) | (mEq./L.) | (mEq./L.) | (mg./100 
cc.) 
L. H. | Before infusion 110 5.6 84 22.0 40 Transient improvement j 
After infusion 110 6.2 96 21.0 50 from coma to impend- ae i 
ing coma 
F.H. Before infusion 122 6.0 No clinical effect 
C.M. Before infusion | 121 5.2 9 | 22.8 | 29 No clinical effect 
After infusion 129 6.7 88 24.0 81 
F.K. | Before infusion | 128 3.5 82 | 19.6 | 50 Transient improvement 
After infusion 133 4.0 93 17.8 84 from coma to impend- 2 
ing coma 
J.C. | Before infusion | 108 3.6 79 26 Pulmonary edema de- 


| veloped after infusion 
| and patient died 


acid, lipoic acid, cortisone or hydrocortisone. 
(Table u.) In Group A, these drugs were given 
as adjuvant measures to patients failing to 
respond rapidly to protein withdrawal and anti- 
biotics, and their use was consequently restricted 
to those with a less favorable prognosis. The 
manner in which this investigation was carried 
out is illustrated in this brief summary: 


Patient K. B. This patient (Fig. 2) was a chronic 
alcoholic. He had cirrhosis and was admitted to the 
hospital deeply jaundiced and in hepatic coma. Arte- 
rial ammonia and a-keto-acid concentrations were 
greatly elevated. Following protein withdrawal, 
antibiotic therapy and an enema he recovered con- 
sciousness, although residual neurologic disorder 
persisted. The administration of cortisone, which was 
continued throughout the illness, failed to influence 
either the jaundice or the nervous disorder, and addi- 
tion of a slow intravenous infusion of 100 mg. lipoic 
acid over twenty-four hours was without clinical or 
biochemical effect. Despite continued protein de- 
privation and chlortetracycline, arterial ammonia and 
a-keto-acid values, which had earlier fallen towards 
normal, began to rise and the clinical condition 
deteriorated. Glutamic acid was administered but 
the patient progressed to coma and no biochemical 
improvement was apparent. Death, accompanied by 
a high arterial ammonia value, occurred following 
terminal gastrointestinal hemorrhage. 
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Glutamic Acid. Results in nine patients in 
Group B who received glutamic acid have 
been reported earlier [75]. All these paiients 
died and seven had severe impairment of liver 
function. Transient improvement during therapy 
occurred in only two patients (J. H., A. I.), 
both of whom received large doses. 

Glutamic acid was given to nine other pa- 
tients in this study, one of whom (T. M.) was 
receiving protein, and improvement was ob- 
served once only, when gastrointestinal bleeding 
precipitated coma in a mildly jaundiced patient 
(F. O.). Three patients had severe icterus (K. B., 
C. M., T. M.), but serum bilirubin concentra- 
tions ranged between 1.0 and 7.1 mg./100 ml. 
in the other patients who failed to respond (J. B., 
J. G., E. E., S. J., K. M.). Glutamic acid, there- 
fore, failed to improve the prognosis in Group A 
and was of dubious value in the remainder of the 
patients. 

Aspartic Acid. ‘Three patients received aspar- 
tic acid intravenously and all eventually died. 
Coma was related to gastrointestinal hemor- 
rhage in two patients (P. S., C. L.); the third 
patient (M. T.) had advanced liver disease but 
died ultimately from aspiration of stomach 
contents. 

There was evidence that aspartic acid affected 
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Protein Withdrawal + CHLORTETRACYCLINE 2Gm./Day —> 


THERAPY 
CORTISONE , 300 mg. / Day 
’ LIPOIC ACID 
100 mg. I.V. 


b 
8 


Arterial Blood NH,N wg.//00mL 
Arterial Blood PYRUVATE wM./L 


bays | 3 5 7 9 


GLUTAMIC ACID 
2006m. IV. &PO. 


Values 


Arterial Blood a-KETOGLUTARATE wM.ZL. 


S$ I7 98 2 23 


Clinical State \COMA| 


IMPENDING COMA 


4 
S.Bilirubin 36 37 


(mg./100m1L.) 


| coma _| 


Hemorrhage 
37.5 23.6 


Fic. 2. Patient K. B. Neuropsychiatric state and biochemical findings in relation 


to treatment during hepatic coma. 


PIlC — Cirrhosis ,G.1. Hemorrhage 
CONTROL _, 


ASPARTIC ACID 
PERIOD 10 Gm LV. 
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Pt. MT. — Cirrhosis 


ASPARTIC ACID 
12Gm. LV. 
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ARTERIAL AMMONIA CONCENTRATION 


l 
! 2 3 4 
TIME IN HOURS 


Fic. 3. Arterial ammonia concentrations during intra- 
venous aspartic acid in two patients in hepatic coma. 


the arterial ammonia concentration. (Fig. 3.) In 
patient M. T. arterial values were steady in the 
control period and fell during administration of 
the drug. Subsequently there was a rise to 
above the fasting value. Patient L. C. received 
the drug three hours after hematemesis and 
arterial ammonia concentrations were rising 
during the control period. When the drug was 


given the elevation of blood ammonia values was 
halted and the levels later began to fall. 

None of the patients improved during this 
therapy; all had ascites, although none was 
heavily jaundiced. 

Cortisone and Hydrocortisone. Six of the nine 
patients who received these drugs and protein 
were studied earlier [23]. Transient improve- 
ment was observed only in patient V. A. In no 
instance was liver function improved and the 
only patient to recover finally (J. S.) was not 
influenced by this therapy. Subsequent experi- 
ence with six more patients, equally divided 
between Groups A and B, confirmed the lack of 
improvement in liver function or neurologic 
state in response to cortisone. These patients 
(F. H., I. M., J. K., K. B., V.S., R. R.) all had 
severe liver disease and all died; moreover, on 
four occasions death was due to gastrointestinal 
hemorrhage which complicated therapy. 

Lipoic Acid. Lipoic acid was given to four- 
teen patients. (Tables 1 and 1.) In nine patients 
(Kk... B., C. M, EB. E.&., V.3., 1. B., B. J., 
J. L., J. R.) severe liver disease was judged the 
basis of coma and none improved. Four patients 
had better liver function (J. B., F. O., J. K., 
C. R.) and only C. R. showed any improvement. 
This patient was admitted to the hospital twice 
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and recovered from impending coma _ while 
receiving lipoic acid on the first admission. Sub- 
sequently, she was admitted in coma and died 
despite this treatment. 

The effects of lipoic acid on arterial ammonia 
and a@ keto-acid concentrations were studied in 
six patients who received concurrent therapy 
with protein deprivation and antibiotics. (Table 
v.) The biochemical abnormalities improved 
towards normal in three patients (J. B., C. M., 
E. E.) but deterioration occurred in two others 
(C. R., F. O.). 

No influence could be attributed to the admin- 
istration or withholding of protein in relation to 
lipoic acid therapy, nor did the dose, which 
varied between 20 and 100 mg. daily, or the 
duration of the dose affect results. The combina- 
tion of pantethine, biotin, magnesium sulphate 
and potassium chloride with lipoic acid in three 
patients (K. B., C. R., F. O.) had no added 
therapeutic action. 

Incidental Clinical Observations. ‘The neuro- 
psychiatric syndrome incident to hepatic coma 
has been extensively documented [7,3,4,29,30] 
but certain diagnostic difficulties in patients in 
Group A are worth stressing. The preponderance 
of chronic alcoholic patients studied drew atten- 
tion to the incidence of alcohol withdrawal 
disorders during the course of hepatic coma, 
including two instances of delirium tremens 
(F. O., W. G.). Identification of this condition 
was difficult as hallucinations and an abnormally 
fine tremor may occur in hepatic coma. Sim- 
ilarly, confabulation may complicate the latter 
condition, and coexistent Korsakoff’s psychosis 
was temporarily overlooked in one patient 
(K. B.). Muscular rigidity, hyper-reflexia and 
clonus in the lower limbs are frequent findings in 
hepatic coma [3/7] but were rare in this series, 
presumably owing to the presence of peripheral 
neuritis. One patient (C. R.) presented with 
Jacksonian convulsions and in two patients 
(M. M., E. C.) the combination of generalized 
muscular rigidity, increased reflexes, ankle 
clonus and extensor plantar responses resulted in 
an initial diagnosis of cerebral vascular accident. 
Other uncommon presenting signs included 
bizarre choreoathetoid movements with gri- 
macing (E. E.), a manic-depressive state without 
objective neurologic disorder in the early stages 
(M. T.), and catatonia (J. D. and G. D.). In two 
patients impending coma and coma alternated 
for four months (J. B., J. H.). This followed 
construction of a portacaval anastomosis with 
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the coincident development of jaundice and 
edema in one patient (J. B.), and slowly progres- 
sive deterioration in liver function led to the 
death of both patients. In one patient hepatic 
coma developed due to severe hepatic necrosis 
secondary to prolonged peripheral vascular 
failure complicating ischemic heart disease. 


TABLE V 
ARTERIAL AMMONIA, PYRUVATE AND a@-KETOGLUTARATE 
CONCENTRATIONS BEFORE AND AFTER ADMINISTRATION 
OF SODIUM LIPOATE 


Ammonia | Pyruvate | a-Ketoglutarate 
Time of 
Patient Study 
| (75 ug./ | (160 uM. / * 
| | 100 ml.*)| L.*) 
J.B. Before adminis- | 82 243 25.1 
tration 
| After admin- 
| istration 43 215 25.5 
C. M. Before adminis- 175 202 50.2 
tion | 
After admin- 135 148 38.4 
istration 
E. E. Before adminis- 43 135 37.7 
tration 
After admin- 53 81 30.2 
istration 
K. B.f | Before adminis- 71 111 34.5 
tration 
After admin- 44 131 34.6 
istration 
C. R.f | Before adminis- 122 161 37.8 
tration 
After admin- 185 182 39.1 
istration 
F. O.f | Before adminis- 53 61 8.8 
tration 
After admin- 123 104 13.4 
istration 


* Upper limit of normal. 
+ Sodium-a-lipoate with pantethine, biotin, magnesium sulphate and 


potassium chloride. 


Fetor hepaticus was almost invariably noted. 
This disappeared on protein withdrawal [32] but 
elimination of fetor did not necessarily improve 
the prognosis. 


COMMENTS 


Assessment of therapy and prognosis in hepatic 
coma demands consideration of the various 
factors which may contribute to its genesis. The 
majority of patients in the series reported here 
had severe liver disease and a relationship be- 
tween liver function, as expressed by the criteria 
of jaundice and ascites, and prognosis [77,73] 
was soon apparent. Prognosis was relatively 
poor in the presence of ascites or with icterus 
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exceeding serum bilirubin concentrations of 
5 mg. per cent. Sherlock et al. [77] came to the 
same conclusion, except that serum bilirubin 
concentrations greater than 3 mg. per cent car- 
ried an adverse prognosis in their non-alcoholic 
patients with cirrhosis. The additional influence 
of malnutrition and other disoruers incident to 
chronic alcoholism in our patients could not be 
determined. The etiologic and prognostic signifi- 
cance of the intercurrent infections to which 
they were prone was also problematic. 

Coma asscciated with gastrointestinal hemor- 
rhage or other complications amenable to treat- 
ment responded to therapy relatively well, pro- 
vided that the cause was readily controlled. 
Blood in the intestines, however, may cause 
neurologic complications in subjects with liver 
disease [33] regardless of the more general 
physiologic consequences of hemorrhage, and 
immediate arrest of bleeding was considered 
mandatory. This was best achieved in patients 
with bleeding esophageal varices by cardio- 
esophageal balloon tamponage [34], with aspira- 
tion of blood from the stomach. The immediate 
outlook is also favorable in patients with stable 
liver function in whom coma is associated with 
either the injudicious exhibition of drugs such as 
ammonium salts or with chronic intolerance of 
dietary protein [3,4,/7,73]. Such patients were 
excluded from this study, together with those in 
whom only mild personality changes were pres- 
ent, as their rapid response to therapy would 
tend to bias results. The relatively favorable 
prognosis under these various circumstances 
is accepted and has encouraged separation of 
such cases as examples of ‘“‘exogenous’’ coma, 
in contradistinction to spontaneous coma due to 
liver failure [74,75]. However desirable from 
the clinical standpoint, such a distinction is 
difficult to maintain as the neuropsychiatric, 
electroencephalographic and biochemical find- 
ings reported in hepatic coma are common to 
both groups and, as was evident from our pa- 
tients, both factors are frequently operative in 
the same subject. 

The prognosis was clearly related to the dura- 
tion of coma, and chances for survival became 
progressively less when neurologic signs per- 
sisted after more than a week of therapy. Loss of 
consciousness is regarded as ominous [77,35], 
but whether treatment was instituted in corma or 
impending coma had little influence on recovery 
in this series. 

Patients treated by protein withdrawal and 


broad-spectrum antibiotics fared much better 
than those who received other treatment in 
association with protein feeding in this hospital. 
Moreover, results compared favorably with those 
achieved recently elsewhere in large series of 
patients. Of thirty-four patients in acute coma, 
37 per cent recovered and 60 per cent improved 
during treatment. McDermott and others {7/3}, 
using glutamic acid, reported 20 per cent 
survival and 55 per cent improvement. The 7 
per cent survival in our patients who received 
protein is probably representative of the prog- 
nosis in a series containing a high proportion of 
alcoholic patients with severe liver disease and 
associated disorders, and agrees with the experi- 
ence of Schwartz and others | /6|. The prospect of 
recovery after loss of consciousness is assessed at 
10 per cent by Foulk et al. [35] but 45 per cent of 
comatose patients treated by protein withdrawal 
and antibiotics recovered. 

The rationale of protein deprivation and 
broad-spectrum antibiotic therapy rests on in- 
hibition of the formation of toxic nitrogenous 
substances in the gastrointestinal tract. Identity 
of the substance which gains access to the nervous 
system due to impaired hepatic metabolism is 
uncertain, and the relative importance of protein 
withdrawal, antibiotics and enemas in the suc- 
cess of the regimen is impossible to evaluate at 
present. Diets containing 120 gm. protein may 
precipitate coma in patients with cirrhosis | 2] 
and occasionally patients are sensitive to a daily 
intake of as little as 20 gm. [4]. When there is 
deterioration of liver function, very small 
amounts are therefore likely to be dangerous and 
regimens which happened to contain no protein 
have been recommended previously in hepatic 
coma [36]. Similarly, the administration of 
chlortetracycline in the absence of protein re- 
striction was considered to improve prognosis in 
hepatic coma [37]; this drug was later shown to 
protect sensitive patients from hepatic coma 
provoked by methionine [38]. Fisher and Faloon 
[39] achieved the same effect during protein 
administration with larger daily doses of neo- 
mycin, but the antibiotic of choice and optimal 
dosage have yet to be determined. There is no 
evidence that chlortetracycline has a beneficial 
action on the liver in man, although the nature 
of its presumed action on the metabolism of the 
intestinal flora in relation to hepatic coma has 
defied extensive investigation [38]. It is logical to 
include enemas in any regimen directed at re- 
ducing absorption of metabolites from the intes- 
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tines, especially as absorption of toxic substances 
occurs from the lower bowel [4]. The recovery 
of two patients who received enemas alone sup- 
ports inclusion of this measure. 

Abnormalities of ammonia metabolism in 
hepatic coma [6,9,28] have raised the possibility 
of ammonia intoxication as a causal factor, and 
the consequent use of glutamic acid and aspartic 
acid in this study. Theoretically, amidation of 
these compounds should remove ammonia with 
formation of glutamine or asparagine, and 
asparagine itself has been shown to reduce blood 
ammonia concentrations [47]. The conflicting 
reports on the efficacy of glutamic acid have 
been attributed to its therapeutic inadequacy in 
the presence of severe liver disease, in contrast to 
its success in other patients, particularly those 
with gastrointestinal bleeding or chronic pro- 
tein intolerance [7/3]. The prognosis of these latter 
conditions is relatively good with protein with- 
drawal, however, and it was not possible to 
demonstrate additional benefit from glutamic 
acid under any circumstances, except perhaps 
for fleeting improvement following very large 
doses [75]. Aspartic acid was also ineffective in 
our limited experience. Glutamic acid reduces 
peripheral vein ammonia values under some 
circumstances [/7,/3,/5], but observations are 
preferably made on arterial blood [9] and should 
take into account the effect of ammonia derived 
from food or blood in the gastrointestinal tract 
[28]. Aspartic acid depressed arterial ammonia 
concentrations, but the infusion was followed by 
a rise in one patient. A similar elevation may fol- 
low the infusion of glutamic acid in patients 
with severe liver disease [42]. Therefore, it seems 
likely that both drugs may sometimes defeat 
their object, presumably due to their subsequent 
deamination. On the other hand, protein with- 
drawal and antibiotics consistently lowered 
arterial ammonia concentrations, although after 
several days there was a rise in fatal cases. 
Perhaps this was due to the release of ammonia 
by certain tissues or to the development of an 
intestinal flora resistant to the antibiotic. Never- 
theless, the less predictable biochemical and 
clinical effects of glutamic and aspartic acids sug- 
gests that their use should be reserved for 
exceptional circumstances such as_ progres- 
sive coma due to uncontrolled gastrointestinal 
hemorrhage. 

Lipoic acid was given to facilitate oxidation of 
the a keto-acids, which accumulate in hepatic 
coma [/7,/8] and this accumulation appears to 
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be related to impaired ammonia metabolism [28]. 
However, lipoic acid failed to exert any clinical 
or consistant biochemical effect. The metabolism 
of carbohydrate is disordered at the stage of 
pyruvate oxidation in hepatic coma [43] and our 
failure to reproduce the depression of keto-acid 
levels reported by Thompson and others [44] 
may have been related to the relatively large 
glucose intake in our patients. 

Our results with these various drugs under 
controlled conditions were, as has been indi- 
cated, disappointing but it should be pointed out 
that the nature of the trial decreed that no pa- 
tient received these specific agents under ideal 
circumstances. The rare favorable response to 
these drugs might well have been due simply to 
natural fluctuations in the course of the illness or 
to a delayed response to protein withdrawal. It 
is therefore reasonable to suggest that the thera- 
peutic qualities attributed to them in previous 
investigations might often have been due to 
their exhibition in patients whose prognosis 
was comparatively good under any circum- 
stances [7/6], or to the coincident exclusion of 
protein from treatment in the comatose patient. 

Protein exclusion and oral broad-spectrum 
antibiotic therapy thus emerges as the therapy 
of choice in our experience, a result in accord 
with that of Sherlock et al. [77], whose recovery 
rate of 50 per cent in acute coma included 
patients with liver disease of varied etiology. 
The less impressive survival in our patients may 
be due to the preponderance of alcoholic patients 
with severe liver disease. In both series failure 
of treatment was related closely to the severity 
of the liver disease, and therapy directed towards 
improvement of liver function therefore becomes 
an important consideration. In some patients 
hepatic disease had doubtless progressed beyond 
rehabilitation but in others, particularly in those 
with ‘‘acute hepatic insufficiency of the alco- 
holic’’ [27] or ‘“‘florid cirrhosis,” [45] recovery 
might have been possible if they could have 
been sustained through the period of acute 
decompensation. 

The traditional relationship between protein 
malnutrition and certain types of liver disease 
might seem to contraindicate therapy based on 
protein withdrawal and chlortetracycline, espe- 
cially as this drug results in a negative nitrogen 
balance [46]. A daily protein intake of at least 
50 to 75 gm. daily in hepatic coma is recom- 
mended [47], although nitrogen balance can 
usually be maintained on considerably lower 
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protein diets in liver disease [77,48]. The admin- 
istration of 20 gm. of protein daily failed to 
improve survival rates, and long term protein 
deprivation appeared to do more good than 
harm in patients with hepatic failure even 
though many of those who improved initially 
ultimately succumbed. 

Attempts to improve liver function with 
cortisone or hydrocortisone were unsuccessful, 
and the high incidence of gastrointestinal hemor- 
rhage suggested strongly that cortisone, in fact, 
added to the hazards of hepatic coma. Earlier 
work with methionine, which may be dangerous 
in hepatic coma [38], and choline [49] has failed 
to establish that the dramatic response obtained 
in experimental animals with nutritional cir- 
rhosis occurs in human subjects with liver dis- 
ease. It may be, however, that the improved 
nitrogen tolerance brought about by anti- 
biotics [38,39] will permit a greater protein intake 
in hepatic failure without prejudicing the 
nervous system. Alternatively, the use of intra- 
venous amino acids might be feasible, although 
the production of rising blood ammonia con- 
centrations and impending hepatic coma in 
response to this measure [38,50] would seem to 
contraindicate such treatment. 

Hepatic failure necessarily implies a wide- 
spread metabolic disturbance and, although the 
syndrome of hepatic coma is prominent under 
such circumstances, additional disorders may 
contribute to death. Deranged fluid and elec- 
trolyte control was often associated with severe 
impairment of liver function but attempts to 
correct this by infusion of hypertonic saline 
solution or administration of potassium supple- 
ments were of dubious benefit, indicating that 
such treatment should be undertaken with cau- 
tion. It is doubtful, however, that the poor 
prognosis in this group can be improved until 
additional factors of importance incident to 
liver failure are identified and appropriate 
treatment is delineated. 

In conclusion, a regimen of protein with- 
drawal, oral broad-spectrum antibiotics, enemas 
and vigorous treatment of any precipitating 
factor is the recommended therapy for hepatic 
coma. This regimen is simple to apply and pro- 
vides a stable basis for trial of other measures for 
purposes of determining their comparative 
effectiveness, reducing access to the body of 
ammonia and other toxic nitrogenous sub- 
stances, one or more of which are believed to 
be the causal agents in hepatic coma, whereas 


more specific therapies are aimed at the correc- 
tion of a metabolic disorder which is as yet 
undefined. The improved prognosis of this 
regimen however remains less than satisfactory. 
Particular attention should be directed to- 
wards hepatic failure as the object of further 
therapeutic advances in hepatic coma. 


SUMMARY 


The response to treatment in sixty-five epi- 
sodes of hepatic coma was studied in sixty-three 
patients. Thirty-four patients were treated with 
a regimen of protein withdrawal, oral broad- 
spectrum antibiotics and enemas, which had the 
object of reducing the formation and absorption 
of toxic nitrogenous substances of intestinal 
origin. Twenty-one patients improved during 
treatment and thirteen recovered. Of thirty 
patients who received varying amounts of 
protein during hepatic coma, five showed 
improvement and two survived, but the two 
groups were not entirely comparable. Additional 
therapy with glutamic acid, aspartic acid, corti- 
sone, hydrocortisone or lipoic acid was given on 
forty-seven occasions. No additional benefit 
could be attributed to the exhibition of these 
specific agents, and it was concluded that the 
therapy of choice was protein withdrawal and 
oral administration of broad-spectrum anti- 
biotics. 

The majority of those treated were alcoholic 
patients with severe liver disease, and hepatic 
function was the most important factor in prog- 
nosis. Protein withdrawal and antibiotics re- 
duced arterial blood ammonia concentrations. 
Like glutamic acid, aspartic acid had a transient 
effect on blood ammonia values in two patients. 
Lipoic acid had no constant effect on arterial 
blood ammonia, pyruvate or a-ketoglutarate 
concentrations. 
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The “‘Dieting Depression’”” 


Incidence and Clinical Characteristics of Untoward 
Responses to Weight Reduction Regimens 


ALBERT J. STUNKARD, M.D.T 


New York, New York 


N recent years the ill effects ascribed to exces- 
I sive body weight have received wide atten- 
tion, as have the benefits to be achieved by weight 
reduction. As a result many physicians and their 
patients who had formerly looked upon weight 
reduction as a cosmetic conceit have now come to 
consider it a therapeutic imperative. The over-all 
results may well be desirable. But the findings of 
this report indicate that for a large number of 
overweight persons the current widespread 
prescription of reducing diets has had unfortu- 
nate consequences; for a smaller number it has 
been disastrous. 

Unexpected as they may be, these considera- 
tions have been foreshadowed by earlier reports. 
Accounts of famines are replete with instances 
of the suffering and behavior disorders which 
occur in starving persons [7]. More recently Keys 
and his associates have defined with some preci- 
sion the character of the “‘semistarvation neuro- 
sis’ which occurred during drastic weight reduc- 
tion of a group of healthy young men [2]. There 
persists a elief, however, that semistarvation 
undertaker. for therapeutic purposes does not in- 
volve such hazards, and the literature on obesity 
contains surprisingly few references to the un- 
toward effects of weight reduction regimens on 
obese persons. 

Physicians treating obese persons, on the other 
hand, have long noted widely varying responses 
to weight loss, from the patient who has never felt 
better in his life to the one who becomes so weak 
that he can hardly keep going. Furthermore, 
anorexia nervosa is frequently reported as begin- 
ning during aereducing regimen [3]. Hertz and 
Means were among the first to document the 


problem in their 1936 report on the precipitation 
of thyrotoxicosis by weight loss arising either 
from voluntary restriction of food or from de- 
bilitating illness [4]. In 1947 Federn noted that 
‘some schizophrenic processes are initiated by 
intentional reducing or gaining of weight,” 
and surmised that “in his proprioceptive sensa- 
tion of the oncoming psychosis the patient is 
inclined to overdo an_ otherwise rational 
dieting”’ [5]. In 1951 Hamburger reported that of 
a group of eighteen obese patients seen by him 
for psychiatric treatment or consultation six 
patients ‘‘developed emotional upsets when they 
lost weight” [6]. In the following year Bruch 
contributed detailed descriptions of psychotic 
reactions apparently precipitated by attempts 
at weight reduction [7]. 

A previous report on the “‘night-eating syn- 
drome” noted that nine of twenty-five obese 
patients in a special study clinic had experienced 
severe emotional disturbances during past or 
current attempts at weight reduction [8]. The 
present report describes these ‘“‘dieting depres- 
sions” in greater detail. 


INCIDENCE OF UNTOWARD REACTIONS TO ATTEMPTS 
AT WEIGHT REDUCTION IN A NUTRITION 
CLINIC 


There are no published reports of the inci- 
dence of untoward reactions to weight reduction 
programs, and any attempt to determine such 
incidence meets an obstacle encountered in all 
clinical investigation of obese persons—their 
tendency to discontinue treatment. Carefully re- 
ported series reveal that from 20 to 80 per cent of 
patients beginning weight reduction regimens 
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abandon them before their completion, and thus 
are not available for further study. These are 
precisely the patients who are of the greatest 
interest from the point of view of untoward 
responses. 

An attempt was made to determine a true 
incidence of untoward responses to weight 


TABLE I 
INCIDENCE OF UNTOWARD REACTIONS TO WEIGHT 
REDUCTION REGIMENS (PER CENT) 


| 
| 


32 Health 
100 Obese 
Patients Normal 
Symptoms ina Weight dur- 
Nutrition | ing Semi- 
Clinic | starvation 
| 
21 
41 
Difficulty in concentration. . . e 66 
**More often downhearted”’. . 62 
34 


Table 1 compares symptoms occurring in the group of 
100 obese patients during therapeutic weight reduction 
regimens with those which were reported by subjects of 
the Minnesota experiment [2]. The prolonged semistarva- 
tion of the latter subjects imposed a far greater stress than 
the desultory dietary attempts of the obese patients, and a 
higher incidence of symptoms resulted. It is nevertheless 
of interest to note the similarity and relatively high inci- 
dence of symptoms provoked by what is generally con- 
sidered a benign form of therapy. 


reduction programs by interviewing one hun- 
dred consecutive obese persons requesting 
reducing diets at the Nutrition Clinic of the New 
York Hospital. During the routine interview the 
dietitian took a history of any previous attempts at 
dieting.* No diagnostic formulation was made 
but the presence and character of the symptoms 
were recorded. 

Comparison of the results with those reported 
by Keys and Brozek is instructive [2]. The cir- 
cumstances of the two studies vary greatly. The 
Minnesota project involved thirty-two healthy 
young men of normal weight who lost 25 per 


* A more complete report of this study, undertaken in 
collaboration with Mrs. Mavis Hume, is now in prepara- 
tion. 


cent of their body weight over a six-month 
period. The physical stress to which these per- 
sons were subjected was thus very severe; in all 
of them, for example, nutritional edema devel- 
oped during the course of the program. Many 
of the obese women, on the other hand, dis- 
continued their diets before they had lost even 
10 pounds. Furthermore, the Minnesota sub- 
jects reported their symptoms on a check sheet 
during the period of dieting; in contrast, the 
nutrition clinic study was retrospective and 
recorded only symptoms which were volun- 
teered. Each of these differences would be 
expected to increase the incidence of untoward 
symptoms in the Minnesota subjects, and a 
higher incidence was in fact observed in this 
group. What was surprising, however, was the 
large number of persons in the nutrition clinic 
who reported similar responses to dieting. 

Of the one hundred patients requesting diets, 
seventy-two had attempted dieting previously, 
several on more than one occasion. Of these 
seventy-two patients 54 per cent reported the 
presence of symptoms during at least one reduc- 
ing regimen, and 55 per cent of all such 
regimens were characterized by the presence of 
symptoms. As will be seen in Table 1, a common 
symptom was “‘nervousness” which included 
both anxiety and restlessness, and which was 
present in 21 per cent of the patients. ‘‘Weak- 
ness”’ was reported by 21 per cent, and “‘irritabil- 
ity’ by 8 per cent. Other complaints were less 
frequent, “fatigue” (5 per cent) and ‘“‘nausea”’ 
(4 per cent). The figures for each of these com- 
plaints are noted in Table 1, together with the 
corresponding values for the Minnesota subjects. 
At the bottom of the table is included the inci- 
dence of common symptoms reported by the 
Minnesota subjects but not by the patients from 
the nutrition clinic. 


ROLE OF DIETING IN A SMALLER GROUP 


Method. The high incidence of symptoms 
reported by the nutrition clinic patients renders 
more understandable the poor results of weight 
reduction programs, and makes it important to 
learn more about the nature of these untoward 
responses. For this purpose a more detailed 
study of twenty-five obese persons was under- 
taken. These patients were seen in a special study 
clinic of the New York Hospital where they had 
been sent from other departments because of the 
severity of their obesity or difficulty in its manage- 
ment. The group may thus be presumed to in- 
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clude a high proportion of emotionally disturbed 
persons but whether or not this proportion is 
higher than in any group of comparably severe 
obese persons is conjectural. It should be noted 
that only two of the patients were men. 

In the earlier report on the night-eating syn- 
drome further characteristics of this same group 
of patients were outlined and will not be detailed 
here |8]. Vital statistics of the patients, and the 
setting and clinical characteristics of their ill- 
nesses are summarized in Table nu. For con- 
venience in referring to the previous report the 
numbers assigned to patients in this table are 
those used in the earlier paper. Three discrep- 
ancies between the tables will be noted. One of 
the illnesses of patient No. 1, D. M., occurred 
after publication of the previous report, and only 
at this time was it learned that an earlier illness 
had occurred during a reducing regimen. The 
complications of the weight reduction program 
reported by patient No. 6, M. L., were not 
of sufficient severity to include them in the pres- 
ent report. 

Setting of the Illnesses. Reference to Table u 
reveals striking evidence of the difficulty experi- 
enced by these patients in their efforts to lose 
weight. Attempts at dieting were associated with 
severe emotional disorders in nine of the twenty- 
five patients. Four such disorders occurred while 
the patients were being treated in the special 
study clinic; eight others occurred at various 
times as noted in Table u. (Three of the patients 
experienced two illnesses each.) 

The high incidence of symptoms during diet- 
ing suggests that weight reduction may be dan- 
gerous for some obese persons. Two questions, 
however, arise. First, is the concordance of 
dieting and emotional disorder higher than 
would occur by chance alone? Second, is the 
dieting itself perhaps no more than an inci- 
dental symptom of a pre-existing emotional 
disorder? Dieting is such a common activity 
of obese persons that the apparent correlation 
between it and emotional disturbance could 
represent no more than the frequent but entirely 
random coexistence of two unrelated variables. 
The evidence, however, is against this. In the 
entire non-dieting experience of the twenty-five 
patients in this series, there were only five ill- 
nesses of comparable severity. In contrast, dur- 
ing the far shorter period of time in which the 
patients were dieting there were twelve such 
illnesses. Analysis of these data by means of the 
chi-square test reveals that the probability of this 
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distribution of illness occurring by chance alone 
is less than 5 per cent. 

There remains the second possibility that for 
these patients dieting may itself be a symptom 
of the emotional disorder, so that the presence of 
other symptoms is only to be expected. Although 
the dieting clearly was of significance in the 
emotional equilibrium of these patients it did not 
appear to be a symptom of emotional disorder in 
the sense implied by Federn. None of the pa- 
tients was disorganized at the time she undertook 
a reducing regimen, nor did this undertaking 
appear to represent a defense against such 
disorganization. 

An attempt was made to determine whether 
any characteristic of either the patients or the 
diets might be associated with the occurrence of 
illness during a weight reduction regimen. Many 
of the patients were emotionally disturbed be- 
fore undertaking the diet, but so were a number 
who experienced little difficulty during dieting. 
Furthermore, there was no common premorbid 
personality type, and untoward responses oc- 
curred in patients with a variety of psychiatric 
diagnoses. The age at onset of illness, too, varied 
widely, one patient being only seventeen years 
old, another forty-two. All the patients were 
women, but this may reflect no more than the 
selection of the original population of twenty- 
five obese persons, twenty-three of whom were 
women. 

The character and duration of the weight 
reduction regimen did not seem to play a role in 
the precipitation of the illnesses. A wide variety 
of diets were used by the twenty-five subjects 
in the special study clinic and none seemed to be 
associated with a higher incidence of complica- 
tions. Furthermore, the duration of dieting be- 
fore the onset of symptoms varied widely, as did 
the amount of weight lost. One patient became 
ill within two weeks after starting to diet, while 
another was essentially asymptomatic for a year. 
The first of these patients had lost only twelve 
pounds; the latter had lost 150. 

One factor which was common to the persons 
who fell ill was a tendency to manifest the night- 
eating syndrome. In the previous report [8] 
it was noted that this pattern of nocturnal 
hyperphagia, insomnia and morning anorexia 
was present in twenty of the twenty-five subjects 
comprising the present series, and in none of 
thirty-eight non-obese women. The pattern 
occurred during periods of life stress, and its 
presence was associated with a high incidence 
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of complications of weight reduction regimens. 
Thus of the twenty subjects who manifested the 
night-eating syndrome only eleven were ever 
able to lose more than one-third of their excess 
weight, and in nine of these subjects this weight 
loss was accompanied by the untoward reactions 
which will be described. Four of the five subjects 
who showed no tendency toward the night- 
eating syndrome, on the other hand, had lost 
comparable amounts of weight without apparent 
difficulty. 

Characteristics of the Illnesses. Although many 
patients from the special study clinic suffered 
from long-standing personality disorders, the 
illnesses to be described were recognized by 
both the patients and their physicians as dis- 
crete reaction patterns different from the usual 
adjustment of even the most disturbed patients. 
Despite this they did not fit into any of the con- 
ventional diagnostic categories. The predomi- 
nant symptomatology was depressive, but they 
were not typical depressions. The closest parallel 
is perhaps those curious periods of apathy and 
sadness which occur during the adolescence of 
schizoid people. Indeed, in their earlier years 
four of the patients had undergone such illnesses 
which were not associated with dieting. 

In view of the variability of the circum- 
stances in which they occurred it is of interest 
that these dieting depressions contained enough 
similar features to warrant the description of a 
clinical picture. This was manifested in both the 
interpersonal relations and the symptomatology 
of the patients. Most of them, for example, had 
oriented their lives about an intensely ambiva- 
lent and dependent relationship with someone 
who was viewed as the source of all security. 
The onset of symptoms was usually preceded 
by a serious disturbance in such a relationship, 
and it is worthy of note that this disturbance was 
often initiated by the patient. In some cases it 
was encouraged by the physician. At this 
critical time the decision to diet was made. In a 
companion report evidence is presented that this 
decision was symbolic of the attempt at emanci- 
pation from the dependent relationship, and an 


_act of defiance of the partner [9]. 


The illnesses were remarkably similar from the 
point of view of symptoms as well as that of 
interpersonal relations. All contained two dis- 
tinct phases, characterized respectively by 
symptoms of anxiety and later by those of de- 
pression. In addition, five of the eleven illnesses 
about which information is adequate were 


initiated by a period of elation. This elation was 
generally of mild degree, and was limited for the 
most part to some overactivity and increased 
feelings of well-being. During this period none of 
the patients showed any evidence of disordered 
thinking or inappropriate behavior, and only 
one reported any sleep disturbance. 

The period of elation appeared to be closely 
related to the interpersonal considerations which 
have been described. Thus it began at about the 
time of the decision to break off an important 
dependency relationship, and was often first 
manifested by the feelings of freedom and exulta- 
tion with which the patient celebrated her ap- 
parent release from bondage. These feelings were 
intensified by the results of the decision to diet. 
Many of the patients had long cherished secret 
dreams of the extravagant benefits to be achieved 
by weight reduction, and when, after years of 
indecision, they sought to live out this phantasy 
it was in an atmosphere of excited anticipation. 
This heightened mood persisted for weeks and 
even months. 

The elation was usually abruptly terminated 
by a period of anxiety which tended to be of short 
duration. Some apparently minor incident 
brought home to the patient the consequences of 
the course she was following, and she reacted 
with severe anxiety. During this time she became 
preoccupied with the danger of living without 
the support she had so gratuitously cut off, and 
perhaps more importantly, she began to fear the 
retaliation of the authority she had defied. 
Within a week or two this anxiety was dis- 
placed by a depressive reaction which lasted 
for months. During this time the patients 
showed the typical depressive manifestations of 
depression of mood, crying spells and sleep dis- 
turbance. In each case the disorder was of such 
severity as to interfere with the ability to work, 
but retardation was present in only two of the 
patients. Suicidal ruminations were common but 
none of the patients made any self-destructive 
attempts or gestures. 

In two of their characteristics these illnesses 
differed sharply from the clinical picture gen- 
erally associated with a diagnosis of depression. 
In the latter condition great importance is 
traditionally placed upon the expressions of self- 
condemnation which are considered to arise 
from the miscarriage of mechanisms of hostility 
and guilt. It is significant that such attitudes 
were expressed by only one patient in the course 
of her dieting depression. Instead, the predomi- 
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nant complaints were of futility and hopelessness, 
and the patients were often preoccupied with 
thoughts of deprivation, not only of food but also 
of affection and personal interest. Another 
cardinal sign of textbook descriptions of the 
depressive reaction is weight loss. It is of interest 
that these illnesses, initiated by weight reduction, 
were accompanied in only one instance by fur- 
ther loss of weight. Three patients showed no 
change in weight, and eight actually gained from 
15 to 75 pounds in the course of their illnesses. 
Table 1 summarizes this clinical picture of the 
dieting depression with a list of which features 
occurred in each patient. 

Recovery without apparent residua occurred 
in all the patients after illnesses which lasted 
from six weeks to one year. The factors lead- 
ing to recovery were not clearly defined. 
Although all the patients discontinued their 
reducing diets soon after the onset of severe 
symptoms, increased food intake did not termi- 
nate the illnesses. Furthermore, although in each 
case the disrupted personal relationship was 
restored, this could as easily have been a result 
of the recovery as a cause. Several aspects of the 
problem are illustrated by the history of a pa- 
tient who was treated for nine months in the 
special study clinic. 


CASE REPORT 


M. C., a forty-nine year old housewife, came to the 
special study clinic with a variety of complaints, most 
prominent of which were neurodermatitis of twenty 
years’ duration, migraine headaches and generalized 
aching on the basis of a muscle tension syndrome. 
She was also found to be overweight (weight, 183 
pounds; height, 5 feet 0 inches) but this was not ini- 
tially a matter of concern to her, nor did she have any 
clear idea of the duration of her obesity. She had 
attempted weight reduction only once and had given 
up after losing 6 pounds. 

The patient was a buxom, middle-aged woman 
with pleasant, even features. She dressed in severe 
black clothing, seemed tired and discouraged, and 
spoke in a flat, low, expressionless voice. During her 
first visit she talked only of her symptoms, and what 
her many doctors had done for her, and what they 
had failed to do. 

The patient was the second of eleven children of an 
Italian immigrant family which arrived in this coun- 
try shortly before her birth. Her parents frequently 
told her the story of how her mother’s milk had given 
out when the patient was three months old, and since 
no one in the family knew how to obtain milk in the 
new country she had been raised on tea. Supposedly 
as a result of this deprivation she had been a thin, 
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sickly and fearful child. Memories of this period were 
filled with the picture of a cruel and powerful 
mother, and later experience contained little to 
modify this view. Ostensibly because of the mother’s 
need for help with the housework the patient was kept 
home from school to help her, and thus had little 
opportunity for contact with her peers. Instead she 
was occupied with getting her younger siblings ready 
for school, preparing meals and doing housework 
which did not end until she had scrubbed the kitchen 
floor late in the evening. She came to view life then, as 
unrewarding drudgery in the service of an unpredicta- 
ble and dangerous tyrant. 

She did not remember having thought of rebellion, 
and instead cherished fantasies of being saved by 
some outside agency of a power equal to that of her 
mother. For instance, she recalled with pleasure one 
occasion when friendly neighbors called the police 
after her mother had given her a particularly bad 
beating. 

When the patient was sixteen years old her mother 
arranged a marriage with a neighbor who had taken 
a fancy to her after seeing her once. She took no part 
in the arrangements and meekly agreed to her 
mother’s demands. “‘I didn’t know what else to say; I 
was so young and mother wanted it.” 

Marriage brought no improvement in her lot. Her 
husband was a restless, unhappy man who could earn 
a good living as an auto mechanic but who was rarely 
satisfied with this. Instead, he frequently quit work to 
try his hand at other jobs which he felt conferred more 
prestige, and in these he was usually unsuccessful. 
From the beginning he was preoccupied with the pos- 
sibility of his wife’s infidelity and jealous of any of her 
interests outside of him. In an effort to ensure her 
faithfulness he resorted to a rigid control over her life. 
He gave her only enough money for the most pressing 
bills, forbade her to leave the house except to go shop- 
ping, and kept her pregnant during many of the early 
years of their marriage. For a time she struggled 
against this domination, exploding into screaming 
temper tantrums or sulking in an exaggerated and 
histrionic manner. Finally, however, she settled into a 
grim, depressed mood, martyred and long-suffering. 
Deciding to ‘“‘dedicate my life to my (eight) children” 
she sought to gain a measure of satisfaction by serving 
them through the compulsive never-ending housework 
she knew so well. Before she had passed the child- 
bearing age her older children were bringing their 
babies for her to look after, and as the years went by 
she found herself becoming even busier. The few 
intermissions in this life of unrelieved gloom were 
provided by her frequent and intensely meaningful 
visits to doctors, visits which apparently fulfilled much 
the same function as her earlier fantasies of interven- 
tion by a benevolent authority. 

Treatment lasted nine months during which time 
the patient was seen two or three times a month for a 
period of forty-five minutes in duration. Initial con- 
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tact involved a detailed medical history and physical 
examination, and medication was frequently pre- 
scribed for her many somatic complaints. The patient 
did not look upon the physician as a psychiatrist, and 
conceived of the emphasis on her life situation not as a 
therapeutic instrument but as evidence of the doctor’s 
special interest in her. 

The patient’s communications were at first limited 
to tired, repetitious accounts of her many symptoms 
and her past experiences with doctors. Within two 
months, however, as she gained confidence in the 
therapist, she began to speak of her home life and 
shortly entered with growing enthusiasm into highly 
dramatic accounts of her sufferings and mistreatment, 
In the presence of a growing positive transference 
the patient was able to see that much of her suffering 
was voluntarily chosen, and she began to explore the 
possibility of changes in her way of life. During her 
visits to the clinic particular attention was paid to her 
inordinate dependence upon her family, and ways in 
which she might achieve some degree of independence 
of it. Rather soon she began to refuse excessive de- 
mands by her children, and even asked them for help 
when the housework became too pressing. Further- 
more, she began to think of the possibility of recrea- 
tion away from home, and her old dream of working 
in a hospital as a nurse’s aide was reborn. The therapist 
actively supported her in these activities, and when 
her plans ran into the opposition of her family he saw 
one of her sons to try to persuade him to support his 
mother’s aspirations. One of the most significant 
therapeutic interventions concerned dieting. Two 
months after the patient had begun treatment the 
benefits of weight reduction were discussed and the 
therapist said that he hoped she would try to lose 
weight. She reacted with great enthusiasm and began 
a diet at once which reduced her weight from 183 to 
170 pounds in the next two months. 

The considerable changes in the patient’s living 
during the early months of treatment were accom- 
panied by a remarkable symptomatic improvement. 
There was almost complete clearing not only of the 
depressive and hypochondriacal complaints but also 
of her neurodermatitis, migraine and muscle tension 
syndrome. These favorable developments were 
accompanied by a mood change which at first seemed 
to be no more than an understandable increase in 
feelings of well-being. Gradually, however, she be- 
came more and more active, began to dress in an 
extravagant and flamboyant manner, and it was clear 
that she was becoming elated. This behavior first 
became manifest at the time that the patient began 
her weight reduction regimen, and became more 
prominent following the therapist’s talk with her son. 
Behind it lay a fantasy which she revealed only much 
later, that the therapist was secretly in love with her. 
This seemed obvious to her from his disapproval of her 
mistreatment at the hands of her family, and she felt 
that sooner or later he would take her away from her 


unhappy life and marry her. In the fifth month of 
treatment she put this hope to the test by making 
frankly erotic overtures to him. He rebuffed these and 
tried to define the limits of the treatment situation but 
the patient’s expectations could not be bounded by 
such measures. She left the office perplexed and angry. 

The patient broke her next appointment and re- 
turned three weeks later profoundly depressed. She 
reported that following her last visit she had become 
anxious and agitated, and had cried almost constantly. 
Sleep was very poor and was frequently disturbed by 
nightmares of being attacked and robbed. She had 
been unable to take care of her home, and was both 
apathetic and retarded. She explained her condition 
as a perfectly logical reaction to the failure of the 
therapist to reciprocate her love, and expressed none 
of the ideas of self-condemnation which would have 
been expected in a depression of this severity. Unlike 
the other patients in this group, she was quite anorexic 
and her weight fell another 25 pounds to a low of 145. 

Four months after this exacerbation of symptoms 
the patient broke off treatment at the special study 
clinic and information about her thereafter was ob- 
tained from the other physicians she consulted. She 
remained severely depressed for nearly a year. During 
this time she received intensive psychotherapy from 
two other psychiatrists and was hospitalized for a 
course of electroconvulsive therapy, each of which 
resulted in only temporary alleviation of symptoms. 
She also sought surgical treatment, and in a six- 
month period underwent three major operative 
procedures for cystocele, inguinal hernia and gall 
stones, all of which had been asymptomatic. Her 
suffering eventually won the sympathy and concern 
of her family, and individual members came to treat 
her with more consideration. Gradually there was a 
reinstitution of her old hypochondriacal and muscle 
tension symptoms, a partial clearing of the depressive 
ones, and the patient was able to return to her former 
level of adjustment. This was accompanied by a slow 
increase of her weight to 180 pounds. 


COMMENT 


This report surely raises more questions than 
it resolves. For instance, what are the origins of 
the symptoms reported by the subjects from the 
nutrition clinic, and by those in the special study 
clinic? Do the illnesses which occurred in the 
latter group represent either better documenta- 
tion or further progression of processes which 
are common among obese persons during weight 
reduction regimens? Are these processes pri- 
marily physiologic or primarily psychologic in 
nature, and what are the psychophysiologic 
interrelations? 

The nutrition clinic study provides little evi- 
dence upon which to base answers to these 
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questions. However, the quality of increased 
irritability suggests that the symptoms may, in 
part at least, derive from a fundamental property 
of protoplasm—increased irritability in response 
to nutritional deprivation. 

Such physiologic considerations probably can 
account only in part for the more serious ill- 
nesses which have been described. Characteristics 
of their symptomatology could not be related to 
the severity of the nutritional deprivation, 
whereas they were closely related to specific 
interpersonal considerations. Indeed, inter- 
personal factors in the case of M. C. were of 
such obvious importance as to raise the question 
of whether or not dieting was of more than 
incidental significance. Similar doubts could be 
raised about the role of dieting in all those ill- 
nesses which began while the patient was 
already under treatment; the current enthusiasm 
for weight reduction makes it unlikely that an 
obese person could be treated for any length of 
time for any complaint without being placed on 
a diet. And the emotional turmoil aroused by 
other elements of the therapeutic relationship 
might incorrectly be attributed to this inci- 
dental if inevitable prescription. 

Although dieting may be merely coincidental 
with at least those illnesses which began during 
treatment, the testimony of the patients does not 
support this view. None of them looked upon 
weight reduction in any casua! terms, and for the 
majority it had a significance far beyond that of 
a simple loss of weight. It involved primitive, 
undifferentiated issues of power and control, 
dependence and freedom, and the affective qual- 
ity of the self image. In the light of this testi- 
mony, a possible role of dieting in the precipita- 
tion of severe emotional disorders suggests itself. 
For some obese persons a determined decision 
to diet may emerge only from a conflict of the 
intensity necessary to raise these issues; it may 
be possible to resolve such a conflict only in 
psychotic terms. 


TREATMENT AND PROPHYLAXIS 


Once the patient manifests psychotic symptoms 
her treatment properly becomes the responsibil- 
ity of the psychiatrist. Furthermore, before the 
initiation of a weight reduction program psychi- 
atric consultation might well be a routine pro- 
cedure for any obese person who has undergone 
a previous psychosis, especially if this were 
related to an attempt at dieting. However, as has 
been noted, half of all obese persons experience 
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untoward symptoms during weight reduction 
regimens, and most of these patients must be 
cared fer by internists and general practitioners. 
Since successful management of attempts at 
weight reduction helps prevent the more severe 
disorders it may be appropriate to consider cer- 
tain aspects of the care of obese patients. 

Experience in the special study clinic indicates 
that the patient’s relationship with her physician 
may play an important role in the precipitation 
of a dieting depression. Paradoxically, such an 
outcome may be more frequent among the pa- 
tients of physicians who concern themselves 
with the emotional problems of their patients 
than among those who prescribe weight reduc- 
tion programs mechanically and with little 
prospect of serious cooperation by the patient. 
This derives in part from the greater effort at 
dieting which may be exerted by the patient 
who enjoys a better relationship with her physi- 
cian. But it may also result from the physician’s 
greater awareness of the difficulties in the pa- 
tient’s life situation, and his consequently 
greater inclination to help the patient make 
favorable changes. It is only too easy to agree 
with the patient’s desire to emancipate herself 
from a relationship of morbid dependency upon 
an exploiting and manipulative authority. And 
yet, if a major precipitating circumstance in 
these illnesses is the premature disturbance of an 
intense dependency relationship, such a step may 
well encourage the patient to exert herself be- 
yond her adaptive capacities. If the physician at 
the same time collaborates in an attempt at 
weight reduction, it provides the ingredients 
we have noted as specific for a dieting depression. 

It is important for the physician dealing with 
obese patients to bear in mind the relative inef- 
fectiveness of current measures of treatment, the 
suffering and hazards they entail, and the 
remarkably poor results of long term follow-up. 
He must learn what unrealistic expectations the 
patient has in regard to weight reduction and 
help her to keep it in perspective as a hygienic 
measure of certain limited usefulness which will 
not guarantee happiness. Management of such a 
patient may require careful assessment of her 
interpersonal capabilities, particularly of the 
ability to survive without the support of her main 
dependency relation, morbid as it may be. 

If he will really serve his patient’s needs the 
physician must keep in mind the obese person’s 
very real vulnerabilities, and he will restrain her 
from attempting prematurely either a reducing 
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regimen or the psychodynamically related 
separation from an object of intense dependency. 
For, until the patient has developed the tools 
necessary for independent living, such attempts 
may be as dangerous as they are ineffective. 


SUMMARY AND CONCLUSIONS 


1. One hundred consecutive obese persons 
admitted to a nutrition clinic were questioned as 
to their tolerance of previous weight reduction 
regimens. Of the seventy-two patients who had 
attempted dieting 54 per cent reported that such 
attempts had been associated with untoward 
emotional reactions. 

2. Of twenty-five obese persons referred to a 
special study clinic nine experienced severe 
emotional disorders during attempts at weight 
reduction. 

3. These dieting depressions were character- 
ized by a short period of intense anxiety followed 
by a prolonged period of depression. These 
symptoms were often preceded by a period of 
elation during which the decision to diet was 
made. 

4. During these illnesses the patients experi- 
enced a profound disturbance in a major de- 
pendency relationship which was_ psychody- 


namically related to the attempt at weight 
reduction. 

5. These findings emphasize the vulnerabil- 
ity of obese persons during attempts at weight 
reduction and suggest that reducing diets should 
be prescribed only after careful evaluation of the 
patient’s past and present life adjustment. 
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Cardiac Involvement in Coccidioidomycosis" 


Myron G. CHAPMAN, M.D. and LEO KAPLAN, M.D. 


Los Angeles, California 


T has been stated [7] that ‘‘almost all of the 
microorganisms are capable at times of pro- 

ducing . . . myocardial lesions . . . due either 
to the presence of these organisms or to toxic or 
metabolic disturbances caused by the infection. 
. . . In almost all of the . . . infections [other 
than diphtheria] evidence of cardiac involve- 
ment consists either of electrocardiographic 
changes which are usually non-specific and tran- 
sient or of relatively mild and non-specific 
myocardial lesions which are found in fatal 
cases.” 

Myocardial involvement has been reported in 
a variety of fungus diseases [2]. In those due to 
actinomycosis, congestive heart failure was the 
most common clinical manifestation. In a 
study [3] of myocarditis in acute infectious dis- 
eases, however, congestive heart failure was 
found to be uncommon, although abnormal 
electrocardiograms, chiefly abnormal T waves; 
were noted in one-third of all patients. The 
clinical manifestations, in the order of their diag- 
nostic importance in these cases, were: an 
apical heart sound of poor quality, drop in 
systolic blood pressure of 20 mm. or more, gallop 
rhythm, systolic murmur and pulse over 125. 

From 6,000 clinically recognizable cases of 
coccidioidomycosis which occurred in members 
of the Armed Forces from 1941 to 1946, ninety- 
five cases with disseminated coccidioidomycosis 
were accumulated by the Army Institute of 
Pathology [4]. Initiating signs and symptoms, 
general symptomatology and physical findings 
were tabulated for the group. The only symptom 
reported which might have been referable to 
heart disease was dyspnea. This was present 
in twelve of the ninety-five patients. Whether or 
not any of these twelve patients with dyspnea 
had cardiac involvement at autopsy was not 
indicated. 

A survey of the electrocardiograms of twenty 
patients with primary pulmonary coccidioido- 


mycosis revealed inversion of T waves and/or 
low voltage of all complexes in five patients 
during the illness [5]. There was reversion to up- 
right T waves and normal amplitudes after 
recovery. 

Clinical cardiac involvement due to coc- 
cidioidomycosis has been reported in only six 
patients to the present time, all of whom had 
clinical pericarditis [6,7]. Neither myocarditis 
nor endocarditis due to coccidioidomycosis has 
been recognized clinically but have been re- 
ported as autopsy observations [4,6,8—75]. 

Pericarditis, in the reported cases [6,7], caused 
substernal chest pain, a pericardial friction rub, 
pericardial effusion and elevation of the S-T 
segments in the electrocardiogram. Autopsies 
were not reported in these cases. None of the 
reported patients with autopsy findings of peri- 
carditis due to coccidioidomycosis were said 
to have had clinical signs or symptoms of 
pericarditis. 

Clinical Data of the Present Study. The records of 
twenty-two patients with coccidioidomycosis on 
whom autopsies were performed at this hospital 
were reviewed for symptoms, signs, x-ray find- 
ings and electrocardiographic abnormalities sug- 
gestive of cardiac disease. The clinical data on 
these patients are summarized in Table 1. This 
group included fifteen cases of disseminated 
coccidioidomycosis, two cases of direct extra- 
pulmonary extension of coccidioidomycosis, and 
five cases in which asymptomatic quiescent local- 
ized coccidioidal granulomas were found inci- 
dentally at autopsy. All were men, ranging in 
age from twenty-three to seventy-nine years. 
Of the seventeen patients with active dissemi- 
nated coccidioidomycosis there were nine Ne- 
groes, two Mexicans, three Filipinos and only 
three Caucasians, whereas the five patients in 
whom asymptomatic coccidioidal granulomas 
were found at autopsy were all Caucasian. 
These patients were known to have had their 


* From the Veterans Administration Center, Los Angeles, California and the Departments of Medicine and Pathology, 
University of California Medical Center, Los Angeles, California. 
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Fic. 1. Case 1. X-rays of the chest demonstrate a reduction in size of the cardiac silhouette between September 14, 1949, 
(A) and October 5, 1949, (B). A pericardial effusion was suspected at fluoroscopy, at the time of the first x-ray. A coccid- 


ioidal pericarditis was present at autopsy. 


infection for periods ranging from two months to 
five years, with an average of eight months, prior 
to death. 

Of the twenty-two patients, six had symptoms 
and/or signs suggestive of heart disease, with no 
etiology other than coccidioidomycosis apparent 
for such heart disease. Each of these six patients 
was found to have an inflammatory process pres- 
ent in one or more layers of the heart. Coccidio- 
idal spherules were demonstrated in the hearts 
of four, chronic non-specific inflammatory lesions 
were found in all layers of the heart in the other 
two. A summary of each of these six cases is 
presented subsequently. 

Dyspnea and/or orthopnea was present in 
each of these six patients, and in no others. The 
absence of dyspnea and orthopnea in other pa- 
tients with equally severe lung disease but with- 
out pathologic cardiac involvement would 
suggest that these symptoms were referable to 
the heart. 

Every patient with pericarditis who subse- 
quently was found to have coccidioidal organ- 
isms in the pericardium (Cases 1, 7 and 16) had 
symptoms suggestive of pericarditis. These in- 
cluded dyspnea, orthopnea and/or chest pain. 
Two of the three had signs suggestive of peri- 
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carditis or pericardial effusion, including an 
enlarged cardiac silhouette, a weak cardiac 
pulsation at the time of fluoroscopy, slight S-T 
segment elevation on the electrocardiogram, a 
weak radial pulse, tachycardia and cyanosis. The 
enlarged cardiac silhouette in one patient de- 
creased markedly within three weeks. (Fig. 1.) 
These three patients are the first to be reported 
with clinical evidence of pericarditis, confirmed 
by autopsy. 

Myocarditis, present in all six patients, could 
have been one of the causes of dyspnea, orthop- 
nea, ankle edema, cardiomegaly, tachycardia, 
cyanosis and electrocardiographic changes. In 
Case 10, the patient was admitted to the hospital 
with signs and symptoms of a myocarditis. 

Enlargement of the cardiac silhouette on x-ray 
was present in four of the twenty-two patients. 
This was apparently due to pericardial effusion 
in Cases 1 (Fig. 1) and 16. It is believed that the 
cardiomegaly in Case 10 was due to myocarditis. 
Cardiomegaly in the fourth patient, Case 18, was 
due to hypertension. 

Electrocardiograms were available in eleven 
of the twenty-two cases. Of these, eight were 
abnormal. Elevated S-T segments and inverted 
T waves were present in Case 16. In this case an 
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TABLE II 
CORRELATION OF CARDIAC SYMPTOMS AND PATHOLOGIC LESIONS IN DISSEMINATED COCCIDIOIDOMYCOSIS 


Degree of _ Duration of | 
Cases | Pathologic Cardiac | Cardiac | **Age” and Type of Pathologic Cardiac Lesions 
Involvement* Symptoms | 
<3 | 3 2 days _ Acute and subacute granulomas in myocardium 
eee 3 | 6 days | Subacute granulomatous pericarditis with myocardial and epicardial 
lesions 
Case 15 2 2 wk. | Chronic smoldering non-specific pancarditis 
Casei..... 3 3 mo. Chronic scarifying granulomatous pericarditis and myocarditis 
Case 10 2 8 mo. Chronic scarifying non-specific pancarditis 
Case 16 3 16 mo. | Chronic and acute granulomatous pericarditis and myocarditis 
9 Cases.:... 1 None | Chronic non-specific scarifying or inflammatory lesions 


| 


* See Table 1. 


t Other than chest pain due to myocardial infarction. 


acute and chronic suppurative pericarditis due to 
Coccidioides immitis was found. Low T waves 
were present in Case 1, associated with roent- 
genographic evidence of a pericardial effusion. 
The T waves in this patient became taller upon 
disappearance of the effusion. Low and inverted 
T waves were present in Case 10. In this patient 
a non-specific myocarditis was found. Abnor- 
malities in the other five patients were due to 
arteriosclerotic heart disease, hypertension or 
anoxia secondary to shock. 

Table u demonstrates the correlation between 
the presence of cardiac symptoms and the extent 
of cardiac involvement at autopsy. Comparison 
of the duration of cardiac symptoms and the 
‘“‘age”’ of the microscopic lesions in the heart 
reveals a distinct correlation. 

It is apparent that the cardiac signs and/or 
symptoms in these six cases reflected the presence 
of an active carditis in every instance, spherules 
being demonstrable in the cardiac lesions of four 
and a non-specific inflammatory process in all 
layers of the heart in two. It is of interest that of 
the fourteen patients without signs or symptoms 
suggestive of heart disease six exhibited no in- 
flammatory disease and eight showed merely 
chronic non-specific inflammatory disease in 
the heart. In the latter group, epicarditis (inter- 
stitial lesions of the visceral pericardium) alone 
was found in three patients, epicarditis and 
myocarditis in two, epicarditis and mural 
endocarditis in one, and myocarditis alone in 
two. The lesions found within the hearts of these 
eight patients were morphologically similar to 


the non-specific inflammatory lesions found in 
those with clinically manifest cardiac disease. 
The lesions in the former cases, however, were 
smaller in size and fewer in number. No more 
than two cardiac layers were involved in these 
instances. 

The specific and non-specific cardiac lesions 
are recorded in Table m. It may be concluded 
that one-third of the patients with disseminated 
coccidioidomycosis exhibited clinical signs of 
heart disease. All of these had cardiac inflamma- 
tory lesions. (Table nm.) Of those patients with 
disseminated coccidioidomycosis without clinical 
heart disease one-half showed inflammatory 
lesions in one or more layers of the heart. 


(Table m.) 
CASE REPORTS 


Case 1. This forty-four year old Filipino man 
was a laborer. He was admitted on September 8, 1949, 
complaining of productive cough, fever, papular skin 
lesions and orthopnea during the month prior to 
admission. Examination revealed a temperature of 
101.4°F., a pulse of 110 per minute and a blood pres- 
sure of 100/84. A smear of one of the skin lesions 
revealed C. immitis spherules. An x-ray of the chest 
disclosed marked cardiac enlargement suggestive of 
pericardial effusion, miliary pulmonary infiltration 
and hilar adenopathy. (Fig. 1.) At fluoroscopy, the 
cardiac pulsation was weak. Coccidioidal pericarditis 
with effusion was suspected. An electrocardiogram 
revealed low T waves in all leads and a sinus tachy- 
cardia. On October 5 the heart size on x-ray was 
normal. (Fig. 1.) The T waves were taller on October 
14. Fever and tachycardia persisted. Dyspnea and 
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TABLE Ill 
CARDIAC PATHOLOGY IN C. IMMITIS INFECTION 


Coccidioidomycotic Carditis 


Non-specific Carditis 


Aschoff- 


Mural 
carditis carditis | carditis carditis aives 


G.M.*| G.M. | G.M. | 


Case 


| Epi- 
carditis carditis 
} 


like 
Myo- 
Valves | carditis 


| | 
| Mural | 
Endo- 


carditis 


Miscellaneous Findings 


Myo- 
carditis 


| 


x x xx |xx | 


ID Wh — 


19 xX 


| 
| 
| 


x 
|. 


| 
| 
| 
| 


>, 4 | Perivascular and endocardial 
fibrosis 
Epicardial and perivascular 
fibrosis 
Perivascular fibrosis 
Perivascular fibrosis 
xX Endocardial fibrosis 


xX Ay - Recent and old infarcts 

Endocardial and perivascular 
fibrosis 

Recent and old infarcts 

Recent and old infarcts 


! 


* G—Grossly observed. 
M—Microscopic findings 
t Inadequate slide preparations 


cyanosis were present for two days prior to his death on 
November 14, 1949. 

Autopsy revealed an obliterative chronic scarifying 
granulomatous pericarditis and both non-specific and 
granulomatous lesions in the myocardium. Spherules 
of C. immitis were found within the pericardial and 
myocardial lesions. These lesions were readily ap- 
parent grossly and microscopically. 

Comment: Coccidioidal pericarditis with effusion 
was probably present on admission, causing the 
orthopnea noted at that time. The effusion disap- 
peared by the end of the first month of hospitalization. 
The terminal dyspnea and cyanosis may have been 
related to his myocarditis and pericarditis. 


Case 16. This forty-eight year old Filipino man 
was a farmer. He was admitted on November 16, 1944, 
with the chief complaints of cough, chest pain, chills, 
fever, night sweats, weight loss, dyspnea and orthop- 
nea of two months’ duration. Examination revealed 
a temperature of 102°F., a pulse of 120 per minute and 
a blood pressure of 110/70. An x-ray of the chest re- 
vealed a large cardiac silhouette and pneumonia. A 
coccidioidin skin test was strongly positive. The heart 
size returned to normal in a month; fever, tachycardia 
and tachypnea gradually decreased, and he was dis- 
charged on May 4, 1945. In November, 1945, he 
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noted the onset of nocturnal chest pain, described as 
‘“‘a heavy feeling with a sensation of constriction.” On 
readmission on December 31, 1945, examination re- 
vealed a temperature of 101.4°F, a pulse of 112 per 
minute and a blood pressure of 116/80. The patient 
was dyspneic and cyanotic. An x-ray of the chest again 
revealed marked cardiac enlargement and pneu- 
monia. An electrocardiogram on January 9 showed 
slight elevation of the S-T segments in leads 1, 1 and m1, 
and an inverted T wave in lead CF 4, consistent with 
pericarditis. Terminally, he became more dyspneic 
and cyanotic, the temperature, pulse and respiratory 
rate gradually rising. He died on January 17, 1946. 

Autopsy revealed an acute and chronic suppurative 
pericarditis due to C. immitis, with invasion of the left 
ventricular wall. 

Comment: It appears that coccidioidal pericarditis 
with effusion was present during his first admission, 
causing the orthopnea and the cardiomegaly, and that 
pericarditis was present during his second admission, 
causing the chest pain, dyspnea and cyanosis. 


Case 7. This fifty-two year old Negro man was a 
laborer. He was admitted on March 17, 1947, with a 
history of draining subcutaneous nodules, a large 
tender mass in the right supraclavicular region, and a 
slight cough of three months’ duration. Examination 
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Fic. 2. A, Case 7. Nodular coccidioidomycotic, granulomatous epicarditis with multicentric abscesses. There is a diffuse 
chronic scarifying, non-specific, inflammatory reaction showing a surface fibrinous pericardial exudate and sharp 
demarcation from the underlying myocardium. Hematoxylin and eosin; original magnification, K 40. B, same case. 
Focal epicardial abscess containing a spherule of Coccidioides immitis, surrounded by a scarifying, chronic non-specific, 
process containing lymphocytes, fibroblasts, occasional plasma cells and multinucleated giant cells. Hematoxylin and 
eosin; original magnification, X 120, high power of A. C, same case. Diffuse scarifying coccidioidomycotic granu- 
lomatous epicarditis with multicentric abscesses. There is a thick fibrinous, non-adhesive surface reaction and sharp 
demarcation from the underlying myocardium. Hematoxylin and eosin; original magnification, X 40. D, same case. 
Organizing fibrinous pericarditis with underlying chronic non-specific epicarditis containing lymphocytes, plasma cells, 
dilated capillaries and both uni- and multinucleated histiocytes. Hematoxylin and eosin; original magnification, 
X 120, high power of C. E, Case 1. Chronic scarifying, diffusely adherent and obliterative, granulomatous coccidioido- 
mycotic epicarditis and pericarditis with residual pericardial slits. Note the density of the parietal pericardial, laminated, 
fibrous connective tissue and sharp demarcation from the underlying myocardium. Hematoxylin and eosin; original 
magnification, X 40. F, same case. Numerous spherules of C. immitis inside and outside of multinucleated giant cells. 
There is a delicate fibrillar connective tissue deposit stippled with lympocytes. Giemsa; original magnification, X 120, 


high power of E. 
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Fic. 3. A, Case 1. Oval caseous coccidioidomycotic granuloma with central necrosiz and marginally scalloped, granula- 
tion tissue. Note the peripheral compression of the surrounding myocardium. Hematoxylin and eosin; original magnifi- 
cation, X 40. B, same case. Innumerable spherules of C. immitis in scar tissue containing occasional plasma cells and 
lymphocytes. high power of A. C, same case. Spherule of C. immitis in a fusiform infiltrate of lymphocytes and plasma 
cells. There is an associated myocardial fiber degeneration and delicate deposit of smudgy fibrillar connective tissue. 
D, Case 7. Spherule of C. immitis in a fusiform exudate similar to that seen in C, in a subepicardial position (involve- 
ment by extension). E, same case. Spherule of C. immitis, showing necrobiosis, associated only with interstitial lympho- 
cytes. F, Case 1. Severe exudative fusiform inflammatory reaction consisting of lymphocytes and plasma cells, showing 
delicate granular and fibrillar central smudginess in the absence of visible spherules. G, Case 3. Ovoid focus of fibro- 
blasts and lymphocytes and an interstitial septum stippled by lymphocytes. No spherules were demonstrable. H, Case 4. 
Interstitial lymphocytes, focally clustered. Microphotographs B through H: hematoxylin and eosin, original magnifica- 


tion, X 120. 


revealed a temperature of 100.2°F., a pulse of 84 per days prior to death he had severe chest pain, dyspnea 
minute and a blood pressure of 120/85. An x-ray of and orthopnea. He died on April 3, 1947. 


the chest revealed right upper lobe infiltration. C. Autopsy revealed 800 cc. of blood tinged pericardial 
immitis spherules were demonstrated in the drainage fluid, an organizing hemorrhagic pseudomembranous 
from one of the lesions and in the sputum. Marked granulomatous pericarditis and epicarditis, and a 
tachycardia and fever persisted. During the last six superficial granulomatous myocarditis due to C. 


your, 89757 


We 


f 


Fics. 4A-D. A, Case 15. Paravascular lymphocytes and plasma cells without altered 
interstitial collagen. B, Case 3. Paravascular, fusiform-shaped, Aschoff-like granulomas 
consisting of lymphocytes, Anitschkow myocytes, associated with swollen collagen fibers 
and perivascular fibrosis. C, Case 15. Perivascular mature hyaline fibrillar connective tis- 
sue. D, Case 2. Interstitial fibrosis containing occasional lymphocytes. Note the occa- 
sional myocardial fiber exhibiting granular degenerative changes. All microphotographs: 


hematoxylin and eosin, X 120. 


immitis. There was a fairly marked left ventricular 
endocardial fibrosis and acute cor pulmonale. 
Comment: This patient’s terminal symptoms of 
chest pain, dyspnea and orthopnea were probably due 
to pericarditis, pericardial effusion and myocarditis. 


Case 15. This forty-one year old Negro man was a 
street maintenance worker who was admitted on 
December 10, 1952, with a history of a tender mass 
over the upper sternum, fatigue, anorexia, fever, chills, 
sweating, dysphagia and weight loss of three months’ 
duration. Examination revealed a temperature of 
99°r., a pulse of 90 per minute and a blood pressure 
of 95/65. X-rays of the chest disclosed a large mass in 
the upper anterior mediastinum and bilateral upper 
lobe infiltrations. Examination of the peripheral blood 
and bone marrow indicated the presence of subacute 
myelogenous leukemia. C. immitis was cultured from 
the sternal lesion. Complement fixation for coccid- 
ioidomycosis was 4 plus at a dilution of 1:512. Severe 
dyspnea, orthopnea and ankle edema developed dur- 
ing the final two weeks. He died on April 16, 1953. 

Autopsy revealed a non-specific epicarditis, myo- 


carditis and mural endocarditis. Foci of endocardial 
fibrosis were found in the left ventricle. The parietal 
pericardium was greatly thickened and adherent to 
the pleura. 

Comment: This patient’s dyspnea, orthopnea and 
ankle edema were probably due in part to the myo- 
carditis. Whether or not the thickened parietal peri- 
cardium contributed to the clinical findings is difficult 
to determine. 


Case 3. This fifty-three year old Negro man was a 
furniture upholsterer who was admitted on January 
22, 1952, with a history of headaches, arthralgia, fever 
and cough of two months’ duration. Examination 
revealed a temperature of 99°F., a pulse of 88 per 
minute and a blood pressure of 150/90. X-rays of the 
chest showed increasing miliary pulmonary infiltra- 
tions. C. immitis was cultured from the blood and 
sputum. The complement fixation test for coccidioido- 
mycosis was 4 plus at a dilution of 1:64; the precipitin 
titer was 4 plus at 1:10. A coccidioidin skin test was 
negative at 1:100. Fever, tachycardia and tachypnea 
persisted throughout his hospitalization. Dyspnea was 
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Fics. 4E-H. E, Case 7. Subendocardial fibrosis with superficial fusiform subendothelial 


infiltration of lymphocytes. F, Case 11. Epicardial fibrosis with interstitial lymphocytes, 
monocytes, plasma cells and histiocytes. G, Case 15. Fusiform subendocardial deposits 
of lymphocytes in a delicate reticular connective tissue. H, same case. Diffuse infiltration 
of epicardium by lymphocytes and plasma cells, associated with a band-like surface fibrosis 
and ectasia of interstitial blood vessels. All photomicrographs: hematoxylin and eosin, 


120. 


present for two days prior to death. He died on Feb- 
ruary 21, 1952. 

Autopsy revealed an extensive non-specific and 
granulomatous myocarditis. This was not apparent 
grossly. 

Comment: This patient’s terminal dyspnea may or 
may not have been related to his myocarditis. 


Case 10. This thirty year old Mexican man was a 
laborer who was admitted on September 19, 1953. 
Cough and exertional dyspnea began in July, 1953, 
and orthopnea and ankle edema in August. Hemopty- 
sis and fever were present for two days prior to admis- 
sion. The patient lived in the San Fernando Valley, 
and had visited the San Joaquin Valley in August, 
both endemic areas of coccidioidomycosis. Examina- 
tion revealed a temperature of 101°F., a pulse of 130 
per minute and a blood pressure of 96/74. Cardio- 
megaly, a gallop rhythm, hepatomegaly and ankle 
edema were present. The venous pressure was elevated 
and the circulation time prolonged. An electrocardio- 
gram revealed a sinus tachycardia, low and inverted T 
waves. An x-ray of the chest demonstrated cardio- 
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megaly and a left lower lobe infiltrate. Pleuritic pain 
developed over the pulmonary infiltrate soon after 
entry. Fever, tachycardia and borderline congestive 
failure persisted. Coccidioidin skin tests were 2 plus in 
a dilution of 1:100 on October 9, 1953, and negative 
on January 22, 1954. Coccidioidal complement fixa- 
tion and precipitin tests were negative on October 15, 
1953. On January 11, 1954, the complement fixation 
titer was 2 plus at 1:8, the precipitin titer was 2 plus at 
1:10. The complement fixation titer persisted. The 
precipitin test was negative on February 25, 1954. C. 
immitis was cultured from the sputum. Symptoms of 
meningitis were first apparent on February 21, 1954, 
progressing to his death on March 12, 1954. 

Autopsy revealed cardiomegaly, non-specific epi- 
carditis, myocarditis and mural endocarditis and 
extensive subendocardial fibroelastosis of the left ven- 
tricle. A moderate amount of perivascular fibrosis was 
found within the myocardium. 

Comment: Although this patient had symptoms 
and signs of a myocarditis prior to the appearance of 
clear-cut evidence of his pulmonary infection, coccid- 
ioidal myocarditis may have been present. 
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PATHOLOGIC OBSERVATIONS 


Review of the Literature. Changes in the heart 
due to coccidioidomycosis have been reported 
chiefly from autopsy observations. Of the fifty 
autopsy cases of disseminated coccidioidomycosis 
accumulated by the Army Institute of Pathology 
[4], the myocardium was involved in fourteen. 
Five of these showed both gross and microscopic 
lesions whereas nine were identified by micro- 
scopic studies alone. In seven of these fourteen 
cases, simultaneous lesions of the pericardium 
were evident. Within the myocardium there 
were infrequent miliary granulomatous lesions. 
Though not specifically stated, the lesions ap- 
parently contained the specific spherules of C. 
immitis. The myocardium was noted to be the 
eleventh structure in frequency of involvement, 
the lungs, lymph nodes, spleen, skin, kidney, 
liver, pleura, bones, meninges and adrenal 
glands preceding it, in that order. In 1947 Gore 
and Saphir [8] reviewed 1,402 cases of myocardi- 
tis encountered in the autopsy files of the Army 
Institute of Pathology. In eleven of these the 
inflammatory process was recorded as due to 
coccidioidomycosis. Reingold [9] in 1950 re- 
ported four cases of coccidioidomycosis with 
cardiac findings at autopsy. In two of these cases 
non-specific, monocytic, lymphocytic, poly- 
morphonuclear leukocytic interstitial and peri- 
vascular infiltration of cells were noted and in 
one instance the cellular infiltrate consisted of 
eosinophilic and polymorphonuclear leukocytes. 
This was regularly associated with edema and 
degenerative changes of the cardiac fibers 
adjacent to these foci, characterized by indistinct 
striations and pyknotic nuclei. In the fourth case 
tiny tubercles were visible grossly in the left 
ventricular myocardium. These miliary foci 
consisted of anuclear necrosis, marginated by 
monocytes and lymphocytes, as well as multi- 
nucleate giant cells, and contained the 
spherules of C. immitis. Lee [6] in 1944 reported 
finding the specific spherules of this disease 
between the cardiac muscle fibers in three pa- 
tients, one of whom showed an associated 
myocardial “cold abscess.” Hentel et al. [70] 
reported an instance of scattered grayish coccid- 
ioidal granulomata measuring up to 0.5 cm. 
within the heart, without presenting further 
details. Maloney [77] in 1952 briefly recorded an 
autopsy performed for this disease wherein the 
heart showed ‘‘numerous areas of interstitial 
edema within which there were occasional 


small numbers of round cells, rare _poly- 
morphonuclear leukocytes, and occasional An- 
itschkow myocytes.”’ This was called a ‘subacute 
myocarditis.” 

The pericardium was involved by C. immitis 
in seven of the fifty autopsies reported from the 
Army Institute of Pathology in 1946 [4]. The 
pericardium was listed as the sixteenth struc- 
ture in frequency of involvement. It was con- 
sidered that the pericardium was not primarily 
involved by metastases or extension from the 
lung or pleura, but that pericardial involvement 
was due to eruption of a superficial lesion located 
within or just beneath the epicardium. Sero- 
fibrinous pericardial effusion, as well as fibrous 
adhesive pericarditis with foci of necrosis 
simulating caseation, were observed in this series. 
Evans and Ball [72] in 1929 recorded one in- 
stance of granulomatous pericarditis in eighteen 
autopsied patients with coccidioidomycosis. A 
patient reported by Larson and Scherb [7] in 
1953 was found at autopsy to have a diffuse 
fibrous adhesive pericarditis, containing several 
distinct, small, spherule-containing granulomas. 
In two other patients recorded in the same report 
a diagnosis of pericarditis was made clinically. 
These two survived the episode and in all three 
the pericarditis appeared to be the sole mani- 
festation of disease dissemination. 

No endocardial lesions were found in the 
Army Institute of Pathology series reported in 
1946 [4]. Endocarditis has, however, been de- 
scribed as occurring in this disease in four sepa- 
rate cases. Evans and Ball [72] in 1929 reported 
an instance of “‘endocarditis due to C. immitis,”’ 
without further information. In 1936 Abbott and 
Cutler [73] reported an instance with both 
‘“‘adhesive pericarditis and Coccidioidal endo- 
carditis.” In 1938 Epstein [74] recorded the 
occurrence of “‘endocarditis due to C. immitis 
demonstrated histologically in the valves.’’ The 
fourth case [75] was said to be the youngest patient 
to have died as a result of coccidioidomycosis, 
confirmed at autopsy. This revealed the presence 
of small, reddish nodules on the mitral valve and 
small yellowish-white nodules on the tricuspid 
valve leaflets. ““These nodules appeared to be a 
granulomatous inflammatory reaction, rather 
than the acute destructive reaction of bacterial 
endocarditis.’’ Sections showed only a chronic 
scarifying inflammatory reaction. Although no 
organisms could be found within the valve 
leaflets, it was presumed that the valvulitis was 
caused by C. immitis. The patient was three 
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TABLE IV 
EXTRAPULMONARY GRANULOMAS OF C. IMMITIS 

Medi- | | No. of 

Cc astinal | Liv Spl Kid- | Ski | “e- | Adre- | Thy- | B. H Pan- cri- | Pros- Tes- | Organs 
Lymph ney nal | roid | tate tis In- 

Nodes volved 

| | | | 
1 x x x x x | | xX x 11 
2 Xx x x x x | = x 9 
3 x x x x 8 
5 x x xX | X | 8 
6 x x x x x x 
7 x x x x of x 7 
8 x x x x x4 6 
9 x x x 5 
10 x Xx xX x 4 | 4 
11 x xX x | xX 4 
12 x x xX x 4 
13 Xx x 3 
14 x ig | x 2 
15 x ‘oh 2 
16 x x 4 
7 x X 2 
18 x xX 3 
19 | x | 1 
20 0 
22 0 
Total cases 17 14 13 9 8 8 a a 5 4 4 2 | 1 | 1 


weeks old on admission to the hospital; her 
death was due to coccidioidal meningitis. 

Cases of the Present Series. The microscopic 
histopathology of the heart in coccidioidomycosis 
is illustrated and described in Figures 2, 3 and 4. 
Table tv summarizes the organ or system 
distribution of anatomic lesions containing 
spherules of C. immitis. It has been clearly 
demonstrated that the heart was involved by the 
spherules of C. immitis in only four patients 
whereas fourteen patients showed the presence 
of a variety of cardiac inflammatory lesions at 
autopsy. Three of the four patients with 
cardiac granulomas of C. immitis had dissemina- 
tion to not less than seven distinct and separate 
anatomic structures. Except for the one instance 
(Case 16) wherein direct extension of the disease 
from the mediastinal lymph nodes or pleura to 
the heart occurred, the frequency of cardiac 
granulomas of C. immitis was proportional to the 
degree of dissemination. 

In Cases 20, 21 and 22 autopsy disclosed local- 
ized, encapsulated pulmonary coccidiomas. In 
none of these three cases were there specific 
spherule-containing inflammatory cardiac le- 
sions. In two of these cases, the patients showed 
myocardial infarcts secondary to arteriosclerotic 
disease (Cases 21, 22) and one (Case 20) exhib- 
ited a mild, non-specific lymphocyte-rich epicar- 
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ditis and both perivascular and left ventricular 
subendocardial fibrosis. One patient, Case 
19, demonstrated the occurrence of smolder- 
ing C. immitis granulomas in the adrenal gland 
only. Mediastinal coccidioidomycotic lymphad- 
enitis was present without any evidence of 
pulmonary disease in Case 12; in this instance 
there was spread of the disease to the liver, 
pancreas and leptomeninges. There were two 
cases of coccidioidomycosis spread by direct 
extension without vascular dissemination to 
distant organs. The first has already been men- 
tioned (Case 16), in which the heart was the 
only extrapulmonary site of disease. The second 
was in Case 15, in which the pulmonary process 
extended upward into the neck with formation of 
cutaneous fistulas, and inferiorly through the 
diaphragm to involve the liver and peritoneum. 


SUMMARY 


Clinical and pathologic evidence of cardiac 
involvement was found in six of twenty-two 
autopsied patients with coccidioidomycosis. 
Dyspnea and/or orthopnea was present in each 
of these six patients but was absent in all others, 
including those with equally severe pulmonary 
involvement. 

Coccidioidal pericarditis, with pericardial 
effusion at some time during the course of the 
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disease, was present in three of the six patients. 
The pericarditis was symptomatic in all cases. 
Clinical evidence of pericarditis included chest 
pain, an enlarged cardiac silhouette, a weak 
cardiac pulsation at the time of fluoroscopy, 
S-T segment elevation, low and inverted T 
waves, ankle edema and cyanosis. 

A severe myocarditis was present in each of the 
six patients and may have been important in 
producing some of the symptoms. Coccidioidal 
spherules were found in the heart in four of these 
six patients. In the other two patients chronic 
non-specific inflammatory lesions were present 
in all layers of the heart. There was a correlation 
between the duration of cardiac symptoms and 
the ‘‘age’’ of microscopic cardiac lesions. 

Eight other patients without clinical evidence 
of heart disease also had chronic, non-specific 
inflammatory lesions in the heart. These lesions, 
however, were smaller in size and fewer in 
number. 

No instance of endocardial involvement by 
coccidioidal spherules was encountered. How- 
ever, non-specific inflammatory and scarifying 
reactions were present in the mural endocardium. 
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Hydatid Disease in Alaska’ 


THomas R. A. DAvis, M.D. 
Ladd Air Force Base, Alaska 


YDATID disease (echinococcosis) occurs 
H wherever there is a close association be- 
tween man and the canine family in the presence 
of Taenia echinococcus and a suitable natural 
intermediate host. Infection in man results from 
contamination of the hands or food and drinking 
water by the feces of infected canines. Dogs, 
foxes and wolves act as the final host with a 
variety of ruminants, pigs and small rodents 
serving as intermediate larval hosts. In Alaska 
the requirement of close association between 
man and dog is fulfilled to an inordinate degree. 
This is especially so among the native popula- 
tion, the diet of the ubiquitous sled dog consisting 
in large part of the raw offal of intermediate 
hosts. 

Two forms of Echinococcus species have been 
recognized in the Alaskan area, E. granulosus 
(Batsch, 1786) and E. sibiricensis (Rausch and 
Schiller, 1954) [7] which is a form of E. alveolaris 
(Klemm, 1883) [2]. Investigations indicate that 
E. granulosus is widely distributed throughout 
continental Alaska [7,3,4,5]. E. alveolaris so far 
has been found on St. Lawrence Island [7], 
and the Komandorskii Islands [6,7] and more 
recently on the Alaskan Coast and Brooks 
Range [8]. The two forms have differences as to 
intermediate hosts and this fact is of epidemio- 
logic importance. E. granulosus occurs in wolves 
in the adult form, with moose and possibly 
caribou and other deer as the intermediate 
larval hosts [4]. Dogs become infected by the 
adult tapeworm when they consume the viscera 
of ruminants infected by the larval stage. The 
adult of E. alveolaris occurs naturally in the 
arctic and red foxes with various species of small 
rodents acting as intermediate larval hosts. Dogs 
become infected when they consume rodents 
harboring the larval cestode [4]. 

Man is an accidental intermediate host, being 
readily infected by both forms of Echinococcus 
found in Alaska. Reports from other parts of the 
world, where investigation has been in evidence 


for a longer period, point to the importance of 
echinococcosis as a human disease [9-76]. 

The Parasite. There is considerable confusion 
as to the proper nomenclature of the Echino- 
coccus species in general, and for E. granulosus, 
the causative agent for cystic hydatid disease, 
the literature goes back to 1786. It is generally 
conceded that Virchow in 1855 was the first to 
recognize the multilocular type of cystic develop- 
ment which Klemm [2] called E. alveolaris in 
1883. Thomas [78] considers that E. sibiricensis 
and E. alveolaris should be synonymized. Other 
possible synonyms may be obtained from 
Meggitt [79]. Rausch himself states that E. 
sibiricensis may prove to be identical with the 
Eurasian type of E. alveolaris. However, there 
are insufficient data available at this time to 
support fully the contention that these two 
organisms are either one and the same or are 
different. For the purposes of this report the 
nomenclature E. alveolaris will be used. 

The Echinococcus situation on Bering Island 
in the Komandorskii group as described by 
Barabash [6] and Afanas’yev [7] appears to be 
epizootiologically identical with that on St. 
Lawrence Island. On Bering Island Clethri- 
onomys rutilus is the intermediate host and 
this same species is also an important inter- 
mediate host on St. Lawrence Island [3]. 

Table 1 summarizes the known differences 
between E. granulosus and E. alveolaris. Differ- 
ences in the larval stage occur abundantly, 
both morphologically and developmentally. 
The larval stage may be differentiated by the 
fact that E. granulosus larva develops as a large 
single cyst characterized by slower growth and a 
well defined host connective tissue response 
resulting in a capsule. According to Rausch, 
such response does not occur in the faster devel- 
oping multilocular cysts of E. alveolaris. 
Daughter cysts in E. granulosus are the result of 
endogenous budding while those of E. alveolaris 
occur by rapid exogenous budding producing 


* From the Arctic Aeromedical Laboratory, Ladd Air Force Base, Alaska. 
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what Rausch describes as a rapid malignant 
growth in the liver of voles. On the other hand, 
Mankau [26], who successfully infected 70 per 
cent of white mice, stated that the primary larval 
vesicle undergoes both exogenous and endo- 
genous budding. Although all members of the 


TABLE I 
DIFFERENCES BETWEEN ECHINOCOCCUS GRANULOSIS AND 
E. ALVEOLARIS 


Larva 
Data 
E. Granulosis E. Alveolaris 
Vesicle develop- | 
Fourteen days [27] Three days [24] 
Larval follicle at 
twenty-one | 
250-350 mm. [27] | Three mm. [24] 
Connective tissue 
reaction...... Present [27] | Not present [24] 
Secondary 
vesicles. ...... Endogenous [22 Exogenous [24] 
Adult hosts... . . Dog [23], wolf [4] | Fox, dog [4] 
Larval hosts... ..| Cattle, sheep, pig, | Clethrionomys rutilus, 
moose, caribou [4] | Citelus undulatus, 
| Sorex jacksoni, 
Microtus oeconomus 
| [3,79] 
Cystic growth. . .| Relatively slow [9] Relatively rapid [24] 
Distribution. ... . Iceland, Europe, Africa, | Europe, Asia, Bering Sea 
South America, Aus- Islands, Arctic Coast of 
tralia, New Zealand, | Alaska. 
Uruguay, Argentina, 
Alaska | 


Site of larval 
development . .| In human; 65 per cent 
liver, 24 per cent lung, 


Liver, 100 per cent of 
cases in rodents [24] 


organs [/4]; in Alaska 
moose; always in lungs | 


Adult 
morphology . . . 


remainder in other | 
| 


Testes extend above 


| Testes below genital 


genital pore [26] | pore [26] 


canine family may harbor the adult cestode of 
both forms, the literature does not cite the 
demonstration of E. granulosus in the fox or E. 
alveolaris in the wolf. Both forms, however, are 
found in the dog. 

The larval forms show a high degree of inter- 
mediate host specificity. On the Alaskan main- 
land, according to Rausch, the intermediate 
hosts of E. granulosus are moose, caribou and 
deer. There is no record of natural rodent infec- 
tion with E. granulosus on the mainland. Ob- 
servations on a variety of experimental animals 
(cricetids, murids, sciurids, geomids) to which 
infective eggs were administered have supported 
the view that voles are readily infected by E. 
alveolaris, but no success has been achieved in 
the infection of rodents with E. granulosus. 
Further observations indicate that infection by 
the larval stage in moose (at least in southern 
Alaska) is regularly situated in the lung and that 


all rodents so far examined show parasitization 
by the larva in the liver [24]. On the other hand, 
Mankau has shown that larval development in 
experimentally infected laboratory white mice 
could also occur in organs other than the liver 
such as lung, kidney, spleen, pancreas and 
alimentary canal [26]. 

Investigations into the viability of Echino- 
coccus species ova show them to have a vitality 
much greater than could be anticipated. Dévé 
showed that the eggs of E. granulosus kept in 
ordinary water at room temperature for sixteen 
days and also those which had been subjected 
to desiccation for eleven days were infective to 
squirrels. He also showed that fecal material 
containing eggs of E. granulosus which had been 
refrigerated between —1 and +1°c. for 116 days 
were infective to the suckling pig [27,28]. 
Thomas has shown that eggs in water at 2°c. 
are still viable after one year [29]. In 1955 
Schiller reported that the eggs of E. alveolaris, 
after exposure to'a constant temperature of 
—26°c., were still viable after 360 days. He 
also investigated the effects of exposures to 
—56°c. and ova exposed to —26°c. within the 
carcasses of arctic foxes. On the basis of the 
results of these experiments he concluded that, 
after freezing, the duration of exposure seems to 
be more deleterious than the extreme of cold to 
which the eggs are exposed. He noted that a 
somewhat longer period of exposure is required 
to destroy the eggs of E. alveolaris within the 
carcass of the fox than after their removal, indi- 
cating that some protection may be afforded by 
the carcass [30]. 

Environmental Factors. As shown in the pre- 
vious section the cold resistance of Echinococcus 
ova is such that the cold arctic and subarctic 
climate of Alaska may not appreciably affect 
their viability. The experiments carried out to 
determine cold resistance were performed in the 
laboratory under artificial conditions; this raises 
the question of the applicability of these findings 
to the situation as it exists in nature. However 
there are certain factors that occur in nature 
which would tend to imply that the laboratory 
investigations were in fact more extreme than 
those normally encountered under natural 
conditions. It has been shown that wide varia- 
tions of ambient air temperature have only a 
small effect on subnivean temperatures. John- 
son [37,32] and Pruitt [33] have shown that with 
ambient air temperatures as low as —55°F. 
there is a sharp increase in temperature gradient 
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down through the snow cover and that subnivean 
temperatures can be as high as — 1°c. (+30.2°F.) 
and only occasionally lower than —6°%c. 
(+21.2°r.). Pruitt further showed that sub- 
nivean temperatures are relatively free of the 
wide variations of ambient air temperature. It 
is therefore reasonable to assume that ova which 
are snow covered are probably never subject to 
the temperatures of —56°c. (—69°F.) used by 
Schiller. As Schiller pointed out, it is likely that 
Echinococcus ova survive throughout the winter 
and the epidemiologic implications of this are far 
reaching. Such laboratory data indicate that 
there is a need for further investigation of the 
viability of ova under natural conditions during 
both summer and winter. Especial attention 
should perhaps be paid to that critical period 
between summer and winter, and vice versa, 
when a series of freezing and thawing periods 
occur and when thermal turnover [33] takes 
place. This period, herein called the thermal 
turnover occurs when the winter deep ground 
temperatures, which are relatively warmer than 
surface temperatures, change over to the summer 
condition when the reverse is true. 

Definitive Host Factors. As can be seen from 
Figure 1, the fox is the ascertained definitive 
natural host of E. alveolaris, the wolf is the 
ascertained natural definitive host of E. granulo- 
sus in Alaska. The domestic dog appears to be as 
easily infected with the adult cestode of both 
forms and it is reasonable to assume that man is, 
in the majority of instances, infected directly or 
indirectly via the dog. However, the possibility 
of infection among trappers and handlers of raw 
fur with E. granulosus via the wolf and with E. 
alveolaris via the fox by the same means cannot 
be ruled out. 

The maintenance of a large dog population 
for transportation purposes is, and will be for 
some time to come, an integral part of the 
Alaskan way of life. For the most part of the 
year these dogs are nourished by feeding with 
dried fish interspersed with the raw offal of 
moose, caribou and other animals that may be 
available. The dogs are generally tied close at 
hand in the villages and puppies are allowed to 
run free. During the course of a week, dogs are 
frequently handled during feeding, harnessing, 
and the like. Children constantly play with the 
dogs. 

Table 1 summarizes the data on the rate of 
infection in the definitive hosts in Alaska. Rausch 
has found that as many as 25 per cent of the 
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dogs in some of the Arctic villages may be in- 
fected and more than 10 per cent of all Alaskan 
wolves examined harbored the adult E. granu- 
losus. Of 121 wolves he examined from the 
Anaktuvuk Pass region, 25 per cent were 


infected [4]. 
MOOSE 


OVA LARVAE 
_ >>> WOLF 
ait 
MAN « DOG 
~ FOX 
LARVAE 


OVA 


Fic. 1. Life cycles of Echinococcus species in Alaska. 


Although the sampling of foxes (when these 
are given in the literature) is small, the indica- 
tion that there is a high rate of infection with E. 
alveolaris is irrefutable. It is believed that 
E. alveolaris was brought to St. Lawrence Island 
by arctic foxes coming in on the pack ice from 
Siberia [47] but unfortunately there is little 
information available on the occurrence of E. 
alveolaris larva in Siberia. 

The Intermediate Hosts. Table m1 summarizes 
the knowledge to date on the rate of infection in 
intermediate hosts. Rausch states that in the 
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TABLE II 
DATA ON RATE OF INFECTION IN DEFINITIVE HOSTS 


lite Animals Infected with Infected with | Information | ee 
nitive | Examined (No.) | E. Granulosus (%) | E. Alveolaris (%) | Source 


10 re Rausch [4] All wolves in Alaska 


ee 121 25 | re: Rausch [4] Anaktuvuk Pass 
75 Rausch [35] | St. Lawrence Island 
a | 95 Rausch [35] | St. Lawrence Island 
io | 65 Rausch [35] | St. Lawrence Island 
65 Rausch [35] | Nunivak Island 
| 5.8 Rausch [35] | Icy Cape 
66 | Thomas [79] | St. Lawrence Island 
f | 85 Thomas [79] | St. Lawrence Island 
TABLE II 
. DATA ON THE RATE OF INFECTION IN INTERMEDIATE HOSTS 
| 
| 
Hosts Infected with | Infected with Inf ti 
Intermediate Host Examined | E. Granulosus | E. Alveolaris ors Locality 
(No.) (%) (%) | 
te | | 
50 (estimate) | | Rausch [4] | Matanuska Valley 
Citellus undulatus............. 12 16.6 Thomas [79] | St. Lawrence Island 
30 0.0 Rausch [8] | St. Lawrence Island 
44 Perry err 0.0 | Thomas [30] | St. Lawrence Island 
| 
25 Thomas [79] | St. Lawrence Island 
| 13 ey sree 26 Rausch [8] | St. Lawrence Island 
| — 
Microtus oeconomus........... 17 Thomas [79] | St. Lawrence Island 
| a ene 15.5 Rausch [8] | St. Lawrence Island 
74 13.5 Thomas [79] | St. Lawrence Island 
| ore Serre 16.0 Thomas [79] | St. Lawrence Island 
Clethrionomys albiventer....... | 6 | jenspeaceed | 33.3 Rausch [8] | St. Lawrence Island 
50 Barabash- Commander Islands 
| | Nikiforov [6] 


vicinity of Palmer, in the heavily cultivated opportunity to ingest eggs; on the other hand, 
Matanuska Valley, almost every aged moose is __ because of the feeding habits of caribou it would 
infected, and he estimates that the larvae of E. | seem that they would be more easily infected. 


granulosus may be found in at least 50 per cent 
of adult animals. These were found in the lungs, 
none were found in the liver. He further states 
that wolves are rare or absent in the Palmer area 
and other species must serve as the final host. 
He points out that, in view of their method of 
feeding, it is surprising that moose have much 


Of more than 200 caribou examined by Rausch 
only one was found to be infected [4]. Of 253 
livers and forty samples of lungs of caribou from 
the Taylor Highway area examined by this 
laboratory, no infection with hydatid disease 
was found [35]. The close relationship known to 
exist between the wolf and the caribou makes the 
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finding of both Rausch and this laboratory 
difficult of interpretation. This situation may 
possibly be explained by the differences in 
movement habits of the moose and caribou. 
Moose as a general rule stay in one locality 
during their lifetime, continually covering the 
same feeding ground, and are also strongly 
aquatic in their feeding habits. On the other 
hand caribou migrate and are continually on the 
move, seldom covering the same ground over a 
considerable period of time. They do not feed in 
marshes or ponds. Furthermore, wolves follow 
the caribou herd and seldom precede it. 

With regard to E. alveolaris, the significant 
rates of infection found in Sorex jacksoni (shrew), 
Microtus oeconomus (tundra vole) and Cle- 
thrionomys albiventer (red-back vole), even 
with small sampling numbers in some cases, 
adequately show the importance of these rodents 
as intermediate hosts of E. alveolaris; but there 
is a wide gap in our knowledge of the relative 
proportions of these rodents. It is known that 
M. oeconomus has the greatest population on 
St. Lawrence Island. On the other hand, it is not 
known what effect E. alveolaris infection has on 
their life span and life table. 

Man as an Intermediate Host. In the life cycle 
of Echinococcus species man acts as a dead-end 
intermediate host, and, as with other inter- 
mediate hosts, man becomes infected by inges- 
tion of the ova. How well he participates in this 
role is still a subject for investigation and deter- 
mines the effect of the parasite on his well-being. 

The cysts of E. granulosus have been found in 
practically every organ of the body in hu- 
mans [77]. The liver is the most common site for 
these cysts, being the primary location in 65 per 
cent of patients; of these the right lobe is involved 
in 85 per cent. The lung is the next most fre- 
quent site of location, occurring in 24 per cent of 
the cases [73]. E. granulosus cysts of the liver may 
continue to grow for many years or throughout a 
person’s life without producing any signs except 
enlargement to the liver and some accompanying 
vague subjective complaints such as a sensation 
of fullness or of weight in the epigastrium [74]: 
or the cysts may produce disturbing and vague 
symptoms which can produce physical and 
mental deterioration, as in the case reported by 
Zelman [9]. In this case it was believed that the 
infection had been contracted by the veteran 
patient in Africa in 1943 but symptoms did not 
start until 1954. In 1947 Weinberg [70] per- 
formed an autopsy on a veteran of the first world 
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war who died of alveolar hydatid disease in New 
York and it was concluded that he had been 
infected in France in 1918. 

For a number of years, E. granulosus-cysts in 
the lungs have been noted in x-ray plates taken 
in tuberculosis surveys in Alaska. At Fort Yukon 
alone, five persons in whom lung cysts were 
observed have been successfully treated by sur- 
gical methods which confirmed the diagnosis of 
hydatid cystic disease of the lung [5]. Rausch [8] 
states that on the Alaskan mainland in the last 
three years about fifteen cases have been diag- 
nosed following the finding of the tuberculoma- 
like bodies in routine x-ray examinations for 
tuberculosis and the diagnoses have been con- 
firmed by surgical removal of the larval cestode. 

Table 1v summarizes the rates of hydatid dis- 
ease in Alaska as determined by complement 
fixation and skin tests. Persons and Rausch tested 
112 natives by complement fixation in Beaver, 
Tanana and Stevens Village and 20 per cent of 
these reacted positively [36]. Tulloch, of this 
laboratory, using a Lilly antigen prepared from 
Taenia pisiformis skin-tested 168 persons from 
Fort Yukon, Beaver and Tanana and found 21.4 
per cent of positives [5]. This agrees with the 
complement fixation findings of Persons and 
Rausch for the same area. Because the prepara- 
tion Tulloch used was not accompanied by a 
control fluid, certain difficulties of reaction 
interpretation were encountered. To date 
Rausch has found that complement fixation 
performed on serums from Gambell on St. 
Lawrence Island resulted in 7.8 per cent of 
positive reactors among military personnel and 
15 per cent of positive reactors among the native 
population [8]. In 1951 Hitchcock skin-tested 
366 persons in Kotzebue with a Lederle antigen 
made from Dypilidium caninum and reported 
3.2 per cent of positive reactors [37]. This year 
this laboratory, using a Casoni fluid from the 
Biological Laboratories in New Zealand, skin- 
tested 104 people at Fort Yukon and found six- 
teen per cent of positive reactors. 

Diagnosis in man is at best difficult. In 
Zelman’s case the presence of hydatid disease 
was not suspected until aspiration produced a 
hypersensitivity reaction and the characteristics 
of the aspiration fluid had been determined. 
Prior to this the symptoms, together with nega- 
tive x-ray findings, had resulted in a diagnosis 
of chronic paranoid schizophrenia [9]. In 
Weinberg’s report of the autopsy case cited, he 
stated that the presence of our troops in Europe 
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TABLE IV 
HUMAN ECHINOCOCCOSIS RATE IN ALASKA 


| 


| 
Subjects Positive | Positive Inf , 
Tested Test Used E. Granulosis | E. Alveolaris a. Locality 
(No.) (%) (%) esa 
| 
112 Complement fixation | 20 | Persons and Beaver, Tanana, Stevens 
| Rausch [36] Village 
168 | Skin test (Lilly) 21.4 | Tulloch [5] | Fort Yukon, Tanana, Beaver, 
| _ Stevens Village 
153 Complement fixation 7.8 Rausch [8] | St. Lawrence Island, Gambell, 
| | (Military Personnel) 
283 Complement fixation 15 | Rausch [8] | Gambell, St. Lawrence Island 
(Eskimo) 
366 | Skin test (Lederle) 3.2 | Hitchcock [37] Kotzebue 
104 __—| Skin test (Biological 16 | Davis Fort Yukon 
Laboratories) 


during World War II must force us to entertain 
the prognostic suspicion that similar cases will be 
encountered in the inhabitants of the United 
States in the future [70]. A similar statement may 
be applicable to military personnel in Alaska. 

Both forms of the disease can be treated only 
by surgery. Treatment of cystic disease of E. 
granulosus is relatively simple and successful. 
With regard to E. alveolaris, Semenov [75] ob- 
served sixty-two cases over a period of ten years. 
Forty-two of these proved inoperable and only 
two-thirds of the remaining twenty cases were 
treated successfully. 

Transmission. Probably the most dangerous 
threat to man is from infected dogs, although 
infection by foxes and wolves may occur. These 
remarks imply infection by direct contact but 
there is mounting evidence that infection may 
occur via water, food and by fly transmission 
| 38,39,40|. The viability of ova in water and their 
resistance to cold and desiccation suggest that 
water and inhaled dust may be routes of trans- 
mission to man. These laboratory findings pose 
new epidemiologic problems in the field and 
their importance is still to be determined. 

Transmission by flies is a strong possibility. 
In 1929 Ross [76] stated that since flies are 
known to ingest Echinococcus eggs, and may 
carry these from dog feces to food, every effort 
should be made to trap flies and limit their 
numbers. Other workers have shown the possible 
importance of flies in the dispersal of ova of 
parasitic worms [38,39]. In 1954 Schiller re- 
ported an experimental study on_ blowfly 
(Phormia regina) transmission of hydatid dis- 


ease. Using voles he found that three of eight 
voles became infected by fly transmission. 
Schiller further pointed out that very little in- 
formation is available on the occurrence and 
distribution of members of Calliphoridae in 
Alaska. The feeding habits and type of life cycle 
of Calliphoridae appear to favor opportunities 
for acquisition and dispersal of Echinococcus 
eggs. Blowflies feed and breed readily on the ex- 
crement of canine animals and are also attracted 
to fresh meats and human foodstuffs. These rela- 
tionships may be significant on the Arctic slope 
and on St. Lawrence Island where the natives 
subsist mainly on a diet of meat which is often 
eaten raw and unwashed [40]. 


COMMENTS 


The Alaskan situation with regard to Echino- 
coccus clearly indicates that research effort in 
this area has been fragmentary, Rausch being 
the only consistent worker in this field. ‘There are 
too many gaps and unknowns yet to be resolved. 
The results so far show that two types of Echino- 
coccus occur in Alaska—E. granulosus and E. 
alveolaris. These two species have life cycles 
which are so different as to create two specific 
problems from the epidemiologic, and eventually 
from the control, points of view. The results of 
skin tests and complement fixation tests indicate 
that the problem may be widespread not only in 
Alaskan natives but also in military personnel 
stationed in Alaska. The military implications of 
this are far-reaching and deserve special atten- 
tion. As yet, data have been obtained only from 
military personnel stationed at Gambell on 
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St. Lawrence Island, and the rate in these per- 
sonnel, as determined by complement fixation is 
about half the rate found in the natives of 
Gambell for E. alveolaris. If reliance can be 
placed on the complement fixation reaction 
used, this rate is alarming and clinical cases can 
be expected in the future. Seminov’s findings 
regarding the poor results of treatment of E. 
alveolaris places a high priority on methods of 
control and prevention. No examination of 
troops in other areas of Alaska is available in the 
literature but a program by this laboratory is 
already planned to achieve this. 

The full extent of the rate of infection both in 
the natural intermediate hosts and in the natural 
definitive hosts, and the effect of this infection on 
their respective life tables, is relatively unknown. 
Only six studies of the rate of infestation in the 
human population are recorded in Alaska and 
they give only an incomplete picture of the possi- 
ble extent of the problem. The food habits and 
living conditions of native Alaskans greatly 
facilitate the possibility of their acquiring both 
forms of echinococcosis. Investigation of one 
group of military personnel shows that they are 
not immune to parasitization and this suggests 
routes of transmission other than direct contact 
with canines harboring the adult cestode. The 
longevity of the larval state in man and the 
possibility of serious and ill-defined end results of 
parasitization makes definition of the extent of 
the problem by surveys of paramount impor- 
tance both to military and civilian populations. 


SUMMARY 


The results of a study of echinococcosis in 
Alaska indicate that the disease is widespread 
both on the Alaskan mainland and the Bearing 
Sea Islands. Two etiologic agents have been 
demonstrated. These have widely separated 
epizootiologic and epidemiologic characteristics. 

On the basis of the data presented it is con- 
cluded that much field and laboratory investiga- 
tion is still necessary before a proper understand- 
ing of the significance of the disease and its 
control can be achieved. 
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Temporal Lobe Epilepsy: Brief Review" 


Responses on Electrical Stimulation of 
the Amygdaloid Region in Six Patients 


WituiAM P. CHAPMAN, M.D.,— MADAN M. Sincu, M.D., HEINz R. SCHROEDER, M.D. 
and CHARLES FAGER, M.D. 


Boston, Massachusetts 


tion of the amygdaloid region has been 
used as a therapeutic procedure in six patients 
with temporal lobe seizures. Prior to coagulation 
the implanted electrodes were used for studying 
the effects of electrical stimulation of the amyg- 
daloid region and for recording the electrical 
activity from this region. The purpose of this 
paper is to review briefly the subject of temporal 
lobe epilepsy and to summarize the findings in 
our Own Cases. 

Of the epilepsies, temporal lobe epilepsy, 
despite its high frequency, is perhaps the least 
appreciated variety. It deserves wider appre- 
ciation in view of its incidence and its relative 
intractability to medical therapy and its great 
social and economic importance. Clinico-ana- 
tomic correlations, studies of the temporal lobe 
by electrical stimulation, and the recording of 
the electrical activity of the brain in patients 
with this disease are contributing richly to our 
meager knowledge regarding temporal lobe 
epilepsy and the physiology of the temporal 
lobes. 

Temporal lobe epilepsy comprises a group of 
manifestations having in commen a site of dis- 
charge in the region of the temporal lobe. It is, 
therefore, a form of focal epilepsy. The clinical 
pattern of these seizures probably varies with 
the precise situation, direction and extent of the 
spread of discharge; and the varying clinical 
picture has led to the use of a number of terms 


rata the past two years electrical coagula- 


such as psychomotor epilepsy, uncinate epi- 
lepsy, psychic epilepsy, and epilepsy with an 
intellectual aura. Each of these terms describes 
some aspect of the seizure; none suffices to 
describe the group as a whole. Temporal lobe 
epilepsy is probably the more inclusive and 
better term than any of these. 

The first descriptions of what is now called 
temporal lobe epilepsy appeared in 1888 in an 
article by Jackson [3] entitled, ““On a Particular 
Variety of Epilepsy.”’ In this paper, based upon 
the notes of his fifty cases, he described in detail 
the clinical features of the disease which until 
then were not recognized as being epileptic in 
nature. In his description of these seizures 
Jackson paid particular attention to what he 
called the dreamy state, a state in which there 
is a vague recollection of something long for- 
gotten, abrupt, transient and recognized by the 
patient as abnormal. The symptoms observed by 
Jackson to be frequently associated with the 
dreamy state were: crude sensations of smell 
and taste; elaborate hallucinations of sight or, 
occasionally, of hearing; an epigastric sensa- 
tion; a feeling of dread; movements of the lips 
and jaws resembling those of chewing, tasting or 
spitting; aimless movements of the limbs, coor- 
dinated, not convulsive, and finally, “‘exceed- 
ingly complex and very purposive-seeming 
actions during continuing unconsciousness.” 

Later papers by Jackson [4] established that 
this variety of epilepsy could be associated with 
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organic disease in one or the other temporo- 
sphenoidal lobes. Jackson’s best documented 
example was the case of a physician who had 
major and minor seizures from age twenty until 
his death at the age of forty-three. In one of his 
attacks, he made a difficult crossing of a Swiss 
glacier. During another seizure, he examined a 
patient, made the correct diagnosis and pre- 
scribed adequate treatment. He died at the 
age of forty-three from an overdose of chloral 
and, at autopsy, a patch of softening in the left 
uncinate region was the only lesion found. 

On the basis of postmortem examinations 
Jackson [4] in 1899 proposed the term ‘“‘un- 
cinate group of fits” for his particular variety 
of epilepsy. Recent observations by Penfield 
indicate that some of the manifestations in- 
cluded by Jackson in the uncinate group are 
evoked by stimulation of parts of the temporal 
cortex other than the uncinate gyrus. Jackson 
therefore was right in carefully qualifying that 
by the uncinate group of fits he meant that the 
discharge arose from “cells not of the uncinate 
group alone but of some cells of different parts 
of a region of which this gyrus is a part.” 

Unfortunately, due to the influence of Gower’s 
[5] writings the impression prevailed for a long 
time that olfactory aura was essential for the 
diagnosis of uncinate fits. Actually it is now 
established that olfactory aura occurs infre- 
quently in uncinate attacks [6]. 

In 1938 Gibbs, Gibbs and Lennox [7] intro- 
duced a new term, psychomotor epilepsy, based 
upon the observation of a newly discovered pat- 
tern in the electroencephalogram which was 
thought to be associated with a particular 
variety of epileptic seizure. The term psycho- 
motor epilepsy gained in popularity, and it 
was widely supposed that a new clinical type 
of epilepsy had been defined and that it could 
be recognized by the electroencephalogram. In 
the light of knowledge gained, or perhaps 
regained, since that time, Lennox [2] recently 
reviewed the concept of psychomotor epilepsy. 
His account of symptoms is included within 
what he calls the psychomotor triad comprising, 
(1) motor phenomena, including abnormal be- 
havior, (2) automatism with amnesia, (3) sub- 
jective psychic seizures, including the dreamy 
state, hallucinations of sight, hearing, smell or 
taste, and episodes of mild confusion. This triad 
adds little to what was described by Jackson in 
1888. Lennox concluded that in view of evidence 
obtained from various sources the term psycho- 


motor epilepsy might be supplanted by temporal 
epilepsy. This leads us back, therefore, towards 
Jackson’s concept of the uncinate group of fits. 

The clinical pattern of temporal lobe epilepsy 
is variable but three main grades of seizures can 
be recognized: (1) minor seizures, (2) psycho- 
motor seizures, and (3) major convulsive 
seizures. 

The minor seizures last from one or two sec- 
onds to a few minutes. There are no convulsions 
and there is no loss of consciousness. The patient 
may suddenly and briefly experience any of a 
variety of auras. These auras are characterized 
as sensory, psychointellectual, emotional and 
autonomic. 

The sensory auras include an epigastric sensa- 
tion such as a “turning feeling,” a “peculiar 
feeling’ in the stomach. This is the commonest 
aura [6] of temporal lobe epilepsy. Penfield and 
Rasmussen [8] have reproduced this epigastric 
sensation by electrical stimulation of the insular 
and Sylvian regions. Sensations of taste and 
smell are experienced but with as low an in- 
cidence as 2 per cent in one series [6]. Another 
set of sensory auras concern hearing and 
equilibrium. The patient may suddenly experi- 
ence tinnitus and vertigo. These responses have 
been reproduced by electrical stimulation of the 
superior temporal convolution [8]. 

The psychointellectual auras include Jack- 
son’s dreamy state with varied manifestations. 
Visual illusions and hallucinations occur in 
about 8 per cent of the cases [6]. Objects may 
suddenly seem small and distant (micropsia) 
or unduly large and near (macropsia) or dis- 
torted into bizarre shapes (metamorphopsia). 
The entire surroundings may assume a uniform 
bright color (erythropsia, cyanopsia). The pa- 
tient may complain of repeatedly seeing an 
object that is no longer in his field of vision 
(pallilopsia). The incidence of auras involving 
auditory illusions and hallucinations is about 
the same as that for visual ones. A sudden feeling 
of familiarity with the surroundings or the 
reinactment of a past event (déja vu phenom- 
ena), a sudden feeling of unreality or strangeness 
about common surroundings (jamais vu phe- 
nomena) or a feeling of a bizarre transformation 
of the body (depersonalization) constitute addi- 
tional features of psychointellectual aura. Simi- 
lar experiences and past events have been 
invoked by electrical stimulation of the amyg- 
dala [9]. Feelings of fear, depression, euphoria, 
anger or bewilderment are not uncommon. 
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Those symptoms are regarded as features of 
emotional aura. The autonomic auras include 
flushing, pallor, perspiration, awareness of 
borborygmi, pupillary dilatation and pounding 
of the heart. 

It is the psychomotor seizure that has at- 
tracted major attention during the past decade. 
Attacks may begin with any of the auras which 
have been described. These are followed by a 
period, lasting from a few seconds to several 
minutes, when the patient indulges in motor 
activities like smacking of the lips, chewing, 
sucking or swallowing movements, rubbing of 
the abdomen, grimacing, fidgeting and other 
semi-purposive movements of the limbs. The 
patient then displays what is termed automatism 
for a period lasting from a few minutes to an 
hour or more. During this period he engages in 
activities that are seemingly purposive but in- 
appropriate to the occasion. Thus a patient 
enjoying a game of cards may suddenly get up 
and start rearranging the furniture in the room 
or doing the dishes. He does not respond to 
questions or commands during this period of 
automatism. If disturbed, he may become 
belligerent and assaultive. On regaining his 
contact with the environment the patient has 
amnesia for the attack except that some may 
remember the sensory auras that initiated the 
attack. Thus the chief features of this psycho- 
motor attack are the motor phenomena, autom- 
atism and amnesia. 

Major convulsions may occur in the most 
severe grade of temporal lobe epilepsy. They 
may be indistinguishable from grand mal 
seizures due to lesions in other parts of the brain 
unless the initial aura has been recorded. Some 
patients may have a psychomotor seizure at 
one time and a generalized convulsive seizure 
at another. It is fallacious to think that such 
patients are suffering from two kinds of epilepsy. 
The distinction between the two types of attacks 
is one of the extent of the spread over the cortex. 

Over the past ten years it has become in- 
creasingly apparent that personality disorders, 
often of severe degree, may be associated with 
temporal lobe epilepsy. In fact, it is becoming 
more and more clear that it is the temporal lobe 
cases that have given rise to the idea of the 
epileptic personality and epileptic deterioration. 
Gibbs et al. [70] “‘noted that nearly 50 per cent 
of all patients with temporal lobe epilepsy show 
severe personality disorders during interseizure 
periods.” Liddell [77] found that the majority 
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of epileptic patients in mental hospitals show 
temporal epileptic foci on the electroencephalo- 
gram. There is no fixed pattern to the epileptic 
personality. Assaultive, aggressive, hostile be- 
havior is a common finding and these patients 
are frequently put into the seclusion wards of 
mental hospitals because of their assaultiveness. 
Acutely violent outbursts may follow a seizure 
or occur unrelated to a seizure. In addition, the 
patient may suffer from depression, paranoia or 
schizoid states. Falconer [72] noted that the 
personality disorder often gets worse rather than 
better as the control of fits is achieved by 
medication. 


MATERIALS AND METHOD 


Patient Selection. Our patients for electrocoagula- 
tion of the amygdaloid region were selected by the 
Psychiatric Staff of the Boston Psychopathic Hospital. 
Four of the patients had been selected and referred 
from the Monson State Hospital for Epilepsy, Mon- 
son, Mass. by Dr. Roger Osterheld, director of that 
institution. The final decision to perform electrical 
coagulation of the amygdaloid region was made after 
each patient had been observed in the wards of the 
Boston Psychopathic Hospital for an eight to sixteen 
week period. All the patients had a diagnosis of 
temporal lobe seizures. Each patient had abnormal 
electroencephalograms as recorded from the scalp 
preoperatively. The abnormality in all cases was 
localizable to the temporal lobe, two patients had, in 
addition, abnormalities localizable to the frontal 
lobes. Every patient had temporal lobe spiking. 

Despite prolonged and intensive medical therapy, 
these patients had continued to deteriorate. Surgical 
therapy was being contemplated in an effort to sal- 
vage the patients from life-long institutional care. 
Selective destruction of the amygdaloid complex by 
electrocoagulation was undertaken in order to avoid 
the more extensive procedure of temporal lobectomy. 
In addition to the seizure, uncontrollable assaultive 
behavior was a major problem in four of the patients. 
Studies in animals have shown that bilateral amyg- 
daloid destruction makes them docile whereas 
amygdaloid stimulation evokes rage-like reactions 
in them [76,77]. 

The preoperative study of the patient included a 
number of psychologic tests in addition to the psy- 
chiatric, neurologic, and routine laboratory examina- 
tions. These results will be reported after an ade- 
quate follow up and assessment of the therapeutic 
effects of the amygdaloid coagulation procedure. 

Procedure of Electrode Implantation, Electrical Stimula- 
tion, and Electrical Recording. The details of these 
methods will be reported elsewhere. Skull x-ray 
visualization of the air-filled tip of the temporal horn 
and the anterosuperior aspect of the posterior clinoids 
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were used as guides to implant the four wire elec- 
trodes in the amygdaloid region. The implantation 
was made through a trephine opening, 15 mm. in 
diameter, in the temporal bone. The electrodes were 
secured in place by attaching the cable containing 
the four leads to the bone or by securing the indi- 
vidual lead wires to a teflon washer that was sus- 
pended in the trephine opening by wire sutures. 
The wound was then closed. The electrodes wires 
emerged from the scalp at the upper end of the 
wound and were covered by head bandages. 

Electrical stimulation could be performed between 
any two of the depth electrodes by means of a Grass 
model 3C stimulator. This delivered a monophasic 
square wave through a stimulus isolation unit. The 
stimulus was controlled with respect to pulses per 
second, pulse duration and voltage. The current 
was monitored oscillographically except for the studies 
in the first four patients. The impedance of the brain 
tissue in three patients was measured periodically by 
an alternating current ohmeter. The duration of each 
stimulation was varied depending on the response 
obtained. Any change in skeletal motor or autonomic 
activity or in feeling states produced by electrical 
stimulation was regarded as a positive response. 

The blood pressure, heart rate and respirations 
were recorded by means of a Sanborn electromanome- 
ter and a 4-channel polyviso with polyvinyl catheter 
in the femoral artery and with a pneumatic cuff 
attached around the chest. Subjective responses were 
elicited by neutral and direct questions and when 
important, they were documented by a tape recorder. 
Motor, behavioral and pupillary responses were 
recorded by a movie camera or still camera. The 
electrical activity of the brain was recorded by an 
8-channel Grass console electroencephalograph. A 
specially designed lever system permitted central 
control of the stimulator and the various recording 
apparatus. 


CASE REPORTS 


Case 1. R. B., a sixteen year-old boy, was sub- 
jected to electrical coagulation of amygdaloid region 
in the right hemisphere because of uncontrollable 
seizures and assaultive behavior. He was born at full 
term; delivery was uncomplicated and no instruments 
were used. There was no history of epilepsy in the 
family. One uncle had “insanity.”’ At the age of six 
months the patient had meningococcal meningitis 
and his first convulsion occurred during this illness. 
He made full recovery but did not become free of 
convulsions until the age of eighteen months. When 
he was five years old he fell off an ice truck and re- 
mained unconscious for an unknown length of time. 
At the age of six, he started having seizures again and 
they persisted thereafter despite intensive treatment 
with luminal, dilantin and mesantoin. A severe per- 
sonality disorder developed. The patient frequently 
exhibited an explosive temper that was difficult to 


control. Following some of the seizures he became 
violent and assaultive, struck his mother on one 
occasion, and cornered his brother with a knife on 
another. At the age of ten he was committed to the 
Monson State Hospital for Epilepsy. He averaged 
forty to fifty seizures a year since his admission. They 
were of two types. In the minor attacks he suddenly 
became dazed and confused, and remained so for a 
few seconds to a couple of minutes. There was no loss 
of consciousness. Before a major attack he had “a 
vague feeling in his head that ‘something was coming 
on.’”’ “It all starts in the stomach’’; then there was 
loss of consciousness and a generalized convulsive 
seizure. Following some of the seizures he became 
very defiant, destructive, assaultive and dangerous; 
he struck other patients, broke window panes with 
his fist, tore up bed sheets, indiscriminately hurled 
things all over the ward. He had to be put in seclusion 
for hours before he quieted down. Such assaultiveness 
and aggression were also frequently seen without any 
relationship to an epileptic seizure. 

Electroencephalographic findings; preoperative 
record: The tracings were abnormal with spikes and 
slow spikes in the right anterior temporal region. An 
example of the slowing spiking is shown in Figure 1. 

Recording from the depth electrodes: There was 
spiking recorded from the depth electrodes. (Fig. 1.) 
The spikes might or might not be accompanied by 
spikes in simultaneous recordings from the scalp over 
the temporal region. The spikes at the depth electrode 
increased in frequency during states of drowsiness 
and became less frequent during states of agitation or 
increased alertness. 

Electrical stimulation findings: This patient was 
electrically stimulated for a total of seventy times on 
the fourth, fifth and sixth days after electrode im- 
plantation. Positive responses were obtained using 
10, 20 or 60 pulses per second, 1 millisecond pulse 
duration, and 8 to 20 volts. The patient repeatedly 
remarked during or after electrical stimulation that 
he got a feeling in his head “as if a spell is coming 
on.”’ He could not describe this more fully. He also 
consistently reported experiencing a “weird feeling.” 
When the intensity of the voltage was increased, he 
looked frightened and drew his arms across his chest 
as if he were protecting himself from something. 
These effects were accompanied by alterations in 
breathing and bilateral pupillary dilatation. Bilateral 
pupillary dilatation in the absence of subjective or 
skeletal motor responses could be obtained with as 
little as five volts. An after-discharge of spikes ap- 
peared in the depth electrode recordings frequently 
in association with the induced clinical responses. 
Yet the clinical and electrical phenomena produced 
by electrical stimulation often occurred independently. 

The aura of feeling something in his head, “as if a 
spell were coming on,”’ appeared to be the only aspect 
of his seizures that was reproduced by electrical 
stimulation. Epigastric aura and assaultive behavior 
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was not reproduced by stimulation within the param- 
eters noted above. 


Case u. J. P., a thirty-seven year-old man, was 
referred to the Boston Psychopathic Hospital for 
amygdaloid coagulation because of seizures and 
difficult behavior. He had a history of normal birth, 
at full term, without the use of instruments. A sister 
suffered from epilepsy. As a child he had measles 
and scarlet fever, neither illness being complicated by 
convulsions. At the age of five years he was kicked in 
the forehead by a horse. His skull was fractured and 
he remained unconscious for about three hours. His 
first seizure occurred at the age of ten, and for many 
years seizures occurred no oftener than once a year. 
From the age of twenty-five years onwards the fre- 
quency of the seizures began to increase and by the 
time he was thirty years old he was having weekly 
seizures which were followed by a period of extreme 
violence. Following some of the attacks he beat his 
father, abused and struck his mother and wife, 
smashed his radio set, and broke up furniture. At 
the age of thirty, he was committed to the Monson 
State Hospital. During his seven years in this institu- 
tion he continued to average four to five seizures a 
month and continued to exhibit assaultive behavior 
following the seizures. His seizures showed a varied 
and complicated pattern. Often, he knew minutes in 
advance that an attack was coming on. The attack 
would consist of a period of confusion lasting several 
minutes to an hour or more. In one of these con- 
fusional spells he jumped off a piazza. In another, 
he made an agitated speech in the dining hall and 
had no recollection of it later. In still another, he 
confined himself to his room, appeared to be in a 
trance, and prayed throughout the duration of the 
attack. In some of the seizures he looked scared, be- 
came disturbed, and experienced auditory and visual 
hallucinations. In the most severe grade of seizure, 
following a short period of confusion, he would lose 
consciousness and have a generalized convulsion. 
Outbursts of violent and assaultive behavior followed 
the seizures as a rule. He hit a patient on the head 
with a broom stick, bit another patient’s thumb; he 
became very noisy, tore other patients’ shirts, at- 
tacked anybody in sight, destroyed things within 
reach, and had to be put in seclusion for several hours 
before he would quiet down. In between seizures he 
was quite manageable, likeable, and worked well 
under supervisors. His general physical examination 
was unremarkable except for a depression of the 
frontal bone. He showed moderate mental retarda- 
tion; otherwise the neurologic examination revealed 
no abnormal findings. The Hinton test on blood and 
spinal fluid was negative. Examination of blood and 
urine and the gold sol curve gave normal values. 
Normal findings were noted on electrocardiogram, 
chest film, skull x-rays and pneumoencephalogram, 

Electroencephalographic findings; preoperative 
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Fic. 1. Preoperative scalp recording and simultaneous 
depth electrode and scalp tracings recorded after depth 
electrode implantation. The circle drawn opposite the 
depth electrode recordings indicates the position of each 
depth electrode. The locations are to be read as time 
indicators on a clock face which is positioned over the 
temporal bone with the patient sitting upright. All the 
depth electrode tracings shown in Figures 1 through 6 
were recorded prior to electrical coagulation of the amyg- 
daloid region. In this figure, the preoperative tracings 
from patient R. B. (Case 1) show slow spikes over the 
right anterior temporal region. The electrode implanted 
in the right amygdaloid region shows spiking reversing 
at lead 7. 


record: The record showed spike activity over both 
temporal regions, as well as over both frontal regions. 
(Fig. 2.) 

Recording from the depth electrodes: Considerable 
spiking was recorded from the depth electrodes with 
occasional spikes appearing in the simultaneous 
recording from the scalp electrode over the temporal 
region. The spikes in the depth were not always 
synchronous with those at the scalp but in general 
they appeared related. 

Electrical stimulation findings: This patient was 
electrically stimulated for a total of twenty-nine 
times during the third, fourth, fifth and sixth days 
after implantation of the wire electrodes in the amyg- 
daloid region of the left hemisphere. The positive 
responses were obtained with 30 to 60 pulses per 
second, 1 millisecond pulse duration, and 10 to 
20 volts. The responses were consistent each time. 
Initially the patient would stare, look to the right 
and then to the left, fumble with his shirt, rub his 
trousers, play with the examiner’s fingers, become 
agitated, try to get up off the bed, raise both his legs 
and mumble. On several occasions he spoke in 
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Fic. 2. Preoperative scalp recording and simultaneous 
depth electrode and scalp tracings recorded after depth 
electrode implantation. The preoperative tracing from 
patient J. P. (Case 1m) shows slow spikes in both frontal 
regions and also from the right temporal electrode. The 
electrode implanted in the left amygdaloid region shows 
spiking in all combination of leads. 


Portugese, his native language. During this interval 
he would become sweaty, pale and cyanotic; he would 
breathe irregularly; his heart rate would increase 
from 15 to 40 per cent. After 3 to 5 minutes of such 
behavior he would become euphoric, smile and 
mumble a few incoherent remarks. One time he 
mentioned that “The people were downstairs” and 
that “one of them was a wolf.”” Another time he made 
a religious cross and mentioned the rosary and the 
church. He would be confused and mostly unrespon- 
sive for fifteen to twenty minutes after the end of 
electrical stimulation. These behavioral changes were 
associated with an after-discharge in the depth elec- 
trode tracing followed by slow rhythmic activity. 

It was believed that those aspects of his clinical 
seizures which were reproduced by electrical stimula- 
tion included confusion, automatism and states of 
agitation. Assaultiveness was not reproduced. 


Case m. I. N., a forty-three year-old pipe fitter, 
was referred to the Boston Psychopathic Hospital 
because of increasing frequency of uncontrollable 
seizures. He had an uncomplicated birth at full term; 
had measles and mumps during childhood. There 
was no history of epilepsy in the family. Seizures 
started at the age of thirty-three years. Occurring 
initially at monthly intervals, their frequency progres- 
sively increased over the next ten years despite inten- 


sive treatment with phenobarbital, dilantin and 
mesantoin. By the time he was forty-three years old 
he was having seizures at weekly intervals and was 
therefore unable to carry on at his job. Seizures 
showed varying grades of severity. In the minor 
attacks he experienced “strong and funny chemical 
smells’ and the entire attack would consist of this 
olfactory sensation lasting for five to fifteen minutes. 
At other times these “‘peculiar odors’? were followed 
by lapses of two to four minutes during which he 
would indulge in fumbling movements, look fright- 
ened, ramble in his speech, appear confused, and not 
respond to questions or commands. He would also 
exhibit bizarre behavior at this time such as walking 
away from his place of work. Once he had been 
waiting at his car for his wife who had gone into a 
drug store. The next thing the patient remembered 
was that he was driving along the road and was un- 
able to orientate himself. After driving about a mile 
he became orientated and returned to find his wife 
waiting in front of the drug store. At the age of forty- 
one years he showed assaultive behavior for the first 
time. During a seizure which he had at a subway 
station he attacked a guard who tried to restrict him 
and got a jail sentence of three months. Subsequently, 
he often became assaultive if an attempt was made to 
restrict him during the spells. 

Electroencephalographic findings; preoperative 
recording: This record was abnormal with spikes 
in the left anterior temporal region. 

Recording from the depth electrodes: Throughout 
the period during which the electrodes were left 
implanted, the record showed spontaneous seizure 
discharges. (Fig. 3.) These increased in frequency 
and duration from day to day. So far as we could 
determine, there was no correlation between the 
many spontaneous electrical seizure discharges 
recorded from the depth electrodes and the patient’s 
clinical seizures. There was, however, one exception. 
He was eating his dinner during one period of record- 
ing and he suddenly exclaimed, throwing his bread 
down, ‘‘That tastes like sandpaper.’’ The onset of 
this behavior was simultaneous with the onset of one 
of his spontaneous electrical seizure discharges. 
Occasionally the patient would not reply directly 
to questions but this would occur just as often be- 
tween as during the occurrence of electrical seizure 
discharges from the depth electrodes. 

Electrical stimulation findings: This patient was 
electrically stimulated for a total of sixty-two times 
on the fifth, sixth and seventh day after the electrodes 
were implanted in the left hemisphere. Positive 
responses were obtained with 10, 20 or 60 pulses per 
second, 1 millisecond pulse duration, and 5 to 15 
volts. These consisted of the fumbling movements, 
the facial expression reflecting fear or anxiety, con- 
fusion and unresponsiveness that had been noted by 
the patient’s wife on many occasions when the patient 
was having a spell. Other effects elicited by electrical 
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Fic. 3. Preoperative scalp recording and simultaneous 
depth electrode and scalp tracings recorded after depth 
electrode implantation. The depth electrode recording 
from patient I. N. (Case 1) shows spontaneous electrical 
seizure patterns from the amygdaloid region in the left 
hemisphere. The bandage covering the operative wound 
prevented scalp electrodes being put over the left tem- 
poral region. 


stimulation were ‘‘a feeling like my body is getting 
small.’’ “‘Whoo, that was something.” “A shivering 
with electricity all over my body.” One stimulation 
caused the patient to be unconscious for about five 
minutes, after which he was disoriented for forty-five 
minutes. Other responses included excessive sweating, 
looking to the right and left, altered breathing, inter- 
ruption of counting or talking, quivering talk, 
cyanosis, 100 per cent increase in heart rate and a 
50 mm. Hg rise in systolic and diastolic blood pres- 
sure. The induced clinical responses were accom- 
panied by an after-discharge in the depth electrodes 
and then extinction of activity and slow recovery. 


Case iv. C. W., a twenty-eight year-old woman, 
was referred to the Boston Psychopathic Hospital 
because of assaultiveness and increasing frequency of 
seizures. History of birth and development was 
normal. One sister was regarded as psychotic and 
had seizures. The patient had her first seizure at the 
age of fifteen years. She began to have periods of 
screaming, violent and destructive behavior and 
sulkiness, and at the age of eighteen she had to be 
committed to the Monson State Hospital, During 
the ten years at this institution she continued to have 
frequent seizures, two to eight per month, despite 
adequate medication with luminal, dilantin and 
mesantoin. Some of the seizures consisted of just 
being dazed for a few seconds to a minute or two. 
On one occasion she appeared confused and dazedly 
walked out of a church service, a few minutes 
later she returned again. Several minutes later she 
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Fic. 4. Scalp and depth electrode tracings. The preopera- 
tive scalp recording from patient C. W. (Case 1v) shows 
spike reversing at the mid-temporal electrode on the left 
and low voltage spikes appearing synchronously in the 
right frontal region and in the high posterior temporal 
leads bilaterally. The spikes occur independently of the 
heart (which can be seen in channel number 6). The 
depth recording from the electrode implanted in the left 
amygdaloid region shows high voltage spiking with some 
simultaneous spike potentials at the left temporal scalp 
electrodes. 


fell to the floor and had a seizure with a twitching of 
her right hand. The major seizures started with a 
“dizzy feeling,” ‘‘a strange feeling in the head.” This 
was followed by generalized convulsions in all parts 
of the body lasting five to ten minutes. Throughout 
her stay at Monson State Hospital she had frequent 
periods of assaultive and destructive behavior when 
she broke window panes, abused and struck other 
patients, kicked and scratched the nurses and tore 
their uniforms. She quieted down after being put in 
seclusion for a couple of days. At times she appeared 
very disturbed and barricaded herself in a room, No 
relationship between assaultiveness and seizures was 
noted. 

Normal findings were noted on physical and neuro- 
logic examination. Laboratory tests including ex- 
amination of biood and urine, blood and spinal fluid 
serologic tests, x-rays of chest and skull, and electro- 
cardiogram were normal. 

Electroencephalographic findings: preoperative 
record: Spiking was noted over the temporal regions 
as described in the legend of Figure 4. The records 
were abnormal with slow waves, especially in the 
frontal leads, worse on the right than on the left. 

Recordings from indwelling electrodes in the 
amygdaloid region of the left hemisphere: There was 
spontaneous spiking. Sometimes this was synchronous 
with spike activity recorded from the scalp over the 
temporal region and sometimes it was not. (Fig. 4.) 

Electrical stimulation findings: This patient was 
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Fic. 5. Scalp and depth electrode tracings. The preopera- 
tive tracing from patient W. C. (Case v) shows bilateral 
spiking from the frontal regions. From the amygdaloid 
region spike activity such as shown in the figure was 
recorded on each of the seven days during which the 
electrodes were in place. 


electrically stimulated for a total of thirty-seven times 
on the third and fourth day after implantation of the 
electrodes in the left amygdaloid region. The positive 
responses were obtained with 30, 45 and 60 pulses 
per second, 1 and 2 milliseconds pulse duration and 
10 to 24 volts. The responses included shouting out, 
looking with alarm to the right or left or both ways, 
confusion, unresponsiveness, and apparent recall of 
events. During and after one stimulation she shouted, 
“There he goes now.”’ When asked what she meant, 
she replied, ““He tried to hug me up.” “The police 
will get him.”’ She looked scared. Other responses to 
electrical stimulation consisted of changes in breath- 
ing, bilateral pupillary dilatation, and a 30 to 70 per 
cent increase in heart rate. No after-discharge oc- 
curred from the depth electrodes without an asso- 
ciated clinical response. Yet a clinical response could 
be elicited in the absence of such an after discharge. 
No assaultiveness was reproduced. 


Case v. W. C., a thirty-six-year-old man, was 
referred to the Boston Psychopathic Hospital because 
of assaultiveness and seizures. Birth and development 
history was normal. One brother was regarded as 
mentally defective; he never attended school and 
never left home. The patient had his first seizure 
at the age of twenty-three years and he continued to 
have seizures at the rate of one to two a month. At 
the age of twenty-six years, after a seizure, he became 
extremely assaultive, struck his father and mother 
and became so violent that the police had to be 


called. He had complete amnesia for this event. 
After a couple of such assaultive episodes following 
seizures he was committed to the Monson State 
Hospital at the age of twenty-six. During his ten 
years’ stay at this institution he became progressively 
worse, with increasing frequency of seizures, three to 
eight per month. Seizures consisted of generalized 
convulsions lasting about ten minutes. Swallowing 
movements were observed before many of these con- 
vulsive seizures and some of them were followed by 
aggressive, assaultive and destructive behavior. 
More often, he had episodes of assaultiveness without 
convulsions. For hours he would be confused and 
dangerous. During these confusional spells he struck 
fellow patients with chairs, broke several patients’ 
noses, and once cornered an attendent in the kitchen 
with a knife. No improvement occurred despite inten- 
sive therapy with phenobarbitol and dilantin. 

Physical and neurologic examination revealed nor- 
mal findings. Laboratory tests including routine 
blood and urine analyses, blood and spinal fluid 
serologic tests, and x-rays of chest and skull were 
normal. 

Electroencephalographic findings; preoperative 
record: After overbreathing, rare spiking was noted 
over both temporal regions, more marked on the left 
than on the right. An example of frontal spikes is seen 
in Figure 5. The record also showed slow activity, 
more marked in the frontal regions near the midline. 

Recording from the depth electrodes: Spiking was 
present from the depth electrodes at the time of 
implantation when the patient was under moderate 
pentothal and nitrous oxide anesthesia. Spontaneous 
spiking from the depth electrodes of the type seen in 
Figure 5, continued over the next seven days. 

Electrical stimulation findings: This patient was 
stimulated for a total of ninety-six times on the 
fourth, fifth and eighth day after the electrodes were 
implanted in the left hemisphere. The positive re- 
sponses were produced with 60 pulses per second, 
1 millisecond pulse duration, and 10 to 20 volts. 
Electrical stimulation produced sensations in the head 
described as follows: “I feel it now.” “‘It is amazing.” 
He could explain nothing more about his feelings. 
Nor were these sensations accompanied by any 
changes in skeletal motor behavior. Several times his 
right hand or one or two fingers of the right hand 
would slowly contract, and at times contract and 
relax, during electrical stimulation. So far as we could 
determine, no aspect of the patient’s seizures was 
reproduced by electrical stimulation. The subjective 
responses mentioned above were frequently but not 
always associated with runs of high voltage spike 
activity from the depth electrodes. 


Case vi. M. C., a twenty-seven-year-old woman, 
was referred to the Boston Psychopathic Hospital 
because of intractable seizures. Delivery was difficult 
and forceps were used, but no apparent birth injury 
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Fic. 6. Scalp and depth electrode tracings. The preoperative record shows spontaneous spiking from the left temporal 
region in patient M. C. (Case v1). (Insert shows enlargement of channels 2 and 3.) After implantation in the left amyg- 
daloid region spike activity was found in the depth electrode. The simultaneous scalp recording was made from elec- 
trodes placed above the temporal region to avoid the operative wound and overlying bandage. 


was observed. Convulsive seizures began at the age of 
one year and infrequent seizures—intervals unknown 

continued throughout childhood and adolescence. 
At age fifteen she left school because of “epilepsy.” 
From fifteen onwards she had generalized seizures, 
averaging one a year. At the age of twenty-six a new 
and different kind of seizure developed characterized 
by sucking of thumb, clenching of fist, jerky movement 
of arms, grimacing, confusion, unresponsiveness and 
amnesia. Despite intensive medications with luminal, 
dilantin and mesantoin, seizures increased in fre- 
quency to two to eight a month. 

Physical and neurologic examinations revealed no 
abnormalities. Laboratory tests including routine 
blood and urine analyses, X-rays of the chest and 
skull, and electrocardiogram were normal. 

Electroencephalographic findings; preoperative 
record: Spike activity was recorded over both tem- 
poral regions. This was more marked on the left than 
on the right side. (Fig. 6.) 

Recording from the depth electrodes in the left 
amygdaloid region: Spikes were recorded from the 
depth electrodes, an example of which is shown in 
Figure 6. 

Electrical stimulation findings: This patient was 
electrically stimulated for a total of seventy-nine 
times on the fifth, sixth and seventh day after the 
implantation of the electrodes in the left hemisphere. 
Positive responses were obtained using 45 and 60 
pulses per second, 1 millisecond pulse duration, and 
6 to 17 volts. Electrical stimulation reproduced very 
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exactly the patient’s clinical behavior. This included 
“baby talk,” grimaces, smacking of lips, gurgling 
noises, grunts, groans and jerky movements with the 
hands. In addition, electrical stimulation caused 
staring, turning of the head to the left, fumbling 
movements, swallowing, altered breathing, bilateral 
pupillary dilatation (Fig. 7), 14 to 57 per cent increase 
in heart rate, and elevation of systolic and diastolic 
blood pressure from 15/15 to 80/60 mm. Hg. (Fig. 8.) 
Electrical stimulation caused an after-discharge from 
the depth electrodes. While the induced electrical 
seizure pattern was usually associated with a be- 
havioral response, it might occur without any asso- 
ciated clinical manifestations. 


COMMENTS 


Clinical and physiologic data have been 
presented in six epileptic patients in whom 
behavioral difficulties represented a major prob- 
lem in their management. 

From the case histories it is apparent that the 
types of seizures conformed to the usual patterns 
of temporal lobe epilepsy, and diagnosis in each 
case was possible on the basis of the clinical 
features. Each patient exhibited a variety of 
attacks. In Case 1, R. B. had minor seizures 
characterized by brief periods of dazedness, 
confusion and staring. His major seizures con- 
sisted of epigastric and cephalic aura followed 
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Fic. 7. Photograph of the pupil and palpebral fissure before and during electrical stimula- 
tion of amygdaloid region of the left temporal lobe in awake patient M. C. (Case v1) on 
ninth day after electrodes were implanted. On the left is shown the pupil size and width of 
> palpebral fissure just before electrical stimulation. On the right it can be seen that electrical 
: stimulation with 60 pulses per second, 1 millisecond pulse duration and 15 volts was asso- 
ciated with an increase in pupil size and widening of the palpebral fissure. The pictures 
7 were taken with the eye continuously exposed to the flood lights. 
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Fic. 8. Electrical stimulation of amygdaloid region in awake patient M. C. (Case vi) eight days after electrodes were 
implanted. The tracing shows that when 17 volts were used in patient M. C. electrical! stimulation first caused a 50 mm. 
Hg rise in systolic and diastolic blood pressure. Immediately after the end of stimulation the maximal systolic elevation 
reached 80 mm. Hg and the diastolic elevation reached 60 mm. Hg. Electrical stimulation also produced marked pupil- 
lary dilatation and a striking change in mood and motor behavior. The 2.5 second latent period for the initial blood 
pressure rise indicated a neurogenic mediated response. The continued elevation of the blood pressure with an increase 
in pulse pressure and the persistent increase in heart rate after the end of electrical stimulation suggested that this phase 
of the circulatory response was mediated by a humoral substance. An alternative explanation is that the emotional 
and motor behavior changes produced by stimulation caused a continued neurogenic stimulation to the circulatory 
system. The behavior changes noted were similar to the attacks of temporal lobe seizures commonly observed in this 


patient. 


fusion and amnesia. In Case 1v, C. W. had 
minor seizures characterized by brief periods of 
dazedness, confusion and staring. Her major 
seizures consisted of a cephalic aura, followed 


by generalized convulsions. In Case un, J. P. 
had spells characterized by visual and auditory 
hallucinations, fright, trance-like states with 
praying, automatism, confusion and amnesia. 


In addition, he had major convulsive seizures. 
In Case m, I. N. had minor seizures consisting 
of olfactory aura alone. In his psychomotor 
attacks, the olfactory aura was followed by 
semi-purposive movements, automatism, con- 


by generalized convulsions. In Case v, W. C. 
had minor seizures consisting of swallowing 
movements alone. In his major attacks the 
swallowing movements were followed by gen- 
eralized convulsive movements. In addition he 
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had spells characterized by violent, destructive 
behavior and amnesia. In Case v1, M. C. had 
generalized convulsive attacks and psychomotor 
attacks. All the patients except M. C. had fre- 
quent periods of intractable assaultive behavior 
either in relation to or unrelated to a seizure. 
In Cases 1, , 1v and v, assaultive, destructive 
behavior represented a major problem in the 
management of these patients. 

The preoperative electroencephalographic re- 
cordings were made with scalp electrodes placed 
in various combinations over the convexity of 
the skull. They were abnormal in all the pa- 
tients. In all six patients the records disclosed 
spikes over the temporal regions and were thus 
diagnostic of temporal lobe epilepsy. In addi- 
tion, in two patients the studies showed abnor- 
malities over the frontal region. We did not use 
all the special technics that are necessary for 
the proper localization of the abnormality in 
the majority of cases [73,74]. These technics 
include the placing of needle electrodes beneath 
the temporal lobes (sphenoidal electrodes), and 
a midline basal lead (chin, nasopharyngeal or 
nasal). 

All the patients showed spontaneous spiking 
from the depth electrodes and one patient ex- 
hibited repeated electrical seizure patterns. 
The frequency and duration of the seizure 
patterns and spikes, recorded from the depth 
electrodes, seemed to increase as the electrodes 
stayed longer in the amygdala. This observation 
suggests that the presence of the electrodes 
themselves may have damaged the brain tissue 
and contributed to the findings. There is ample 
reason to believe, however, that such damage 
could not explain all the electroencephalo- 
graphic findings from the implanted electrodes. 
This will be discussed at length elsewhere. 

Electrical stimulation of the amygdaloid 
region produced a variety of responses [75]. 
The circulatory, respiratory and_ pupillary 
responses have been observed from electrical 
stimulation of the amygdaloid region in ani- 
mals [76,77]. The subjective and skeletal motor 
behavioral responses have been reported by 
Gastaut [78] and Penfield [6]. In all our patients 
except one (W. C.) stimulation brought out 
many of the features of temporal lobe epilepsy 
such as cephalic aura, fright, euphoria, religious 
experience, depersonalization, staring, fumbling, 
fidgeting, swallowing movements, semi-pur- 
posive movements of limbs and head, autom- 
atism, confusion, unresponsiveness and am- 
nesia. (Table 1.) In Case v, there were no 
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responses except for some movements of the 
patient’s right hand and a feeling of bewilder- 
ment. In no patient did electrical stimulation 
produce any response that could be taken for 
violent or assaultive behavior or a rage reac- 
tion. This finding is in contrast to the results of 
electrical stimulation in animals [77]. 

From our experience of stereotactic position- 
ing of electrodes in the amygdala of cadavers 
we feel reasonably sure about the position of 
our implanted electrodes. Verification as to 
precise location is available in one case only 
(Case 11). This patient had a left temporal 
lobectomy three months after the depth elec- 
trode studies, and the destruction due to elec- 
trical coagulation demonstrated that the depth 
electrodes had been implanted in the lower half 
of the amygdala just anterior to the tip of the 
temporal horn and within about 6 mm. lateral 
to the medial border of the amygdala. Even 
with precise knowledge of the location of the 
depth electrodes, as in Case m1, we would hesi- 
tate to speculate from our depth electrode find- 
ings about the relationship of the amygdaloid 
region to temporal lobe epilepsy. Al! we can 
say is that electrical stimulation of this region 
reproduced certain features common to tem- 
poral lobe epilepsy. From these same regions 
spike activity and electrical seizure patterns 
were recorded. Our plan of study did not per- 
mit us to determine whether or not the place- 
ment of the electrodes in adjacent regions of 
the temporal lobe would have given comparable 
stimulation and recording results. 

The degree and nature of pathologic changes 
in the brains of our patients is not apparent. 
They all had a long history of seizures extending 
over ten to twenty-seven years. Neither the 
neurologic examination nor the analysis of the 
cerebrospinal fluid showed any significant 
abnormality. X-rays of the skull and pneumo- 
encephalograms (obtained in two patients) 
were normal. All the patients were in the 
younger age group (sixteen to forty-three years). 
Macroscopic lesions like tumor, infarct or cyst 
are unlikely. With the growing practice of 
temporal lobectomy, it has been found that 
while some pathologic change is found in all the 
resected lobes [72,79-22], such distinctive lesions 
are found only in a minority of patients. The 
majority of patients have lesions with less 
defined morphology, usually diffuse and only 
apparent microscopically. They consist mainly 
of meningeal fibrosis, cellular proliferation in 
the white matter, sclerosis of the Ammon’s horn, 
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TABLE I 
RESPONSES PRODUCED BY ELECTRICAL STIMULATION 
—— | Electrical Stimulation Findings 
Case No., | 
Initials, Age, Clinical Features | | 
om Scalp, Pre- Depth | —" | Parameters Giving | Responses to Electrical 
operatively Electrodes | Studied | Positive Responses | Stimulation 
| | 
Case 1, R. B., Minor attacks: brief periods | Sharp spikes Spiking Right 10, 20 and 60 pulses | Cephalic aura, similar to one 
16 yr. # of dazedness, confusion and |_ and slow spikes per sec. before seizure; fright; bi- 
staring over right 1 msec. pulse dura- | lateral pupillary dilatation 
Major attacks: epigastric temporal tion 
aura, cephalic aura, gen-| region | 8-20 volts 
eralized convulsions | 
Assaultive behavior follow- | 
ing a seizure and unrelated | 
to seizures 
Case ny, J. P., Psychomotor attacks: audi- | | | Spikes over hee | Spiking Left 30 and 60 pulses per | Staring, adversive move- 

37 yr. &* tory and visual hallucina- | temporal and | sec. ments of head and eyes; 
tions, fright, trance-like both frontal 1 msec. pulse dura- | fumbling; fidgeting; other 
states with praying, confu- | regions | tion semi-purposive movements 
sion, amnesia 10-20 volts of limbs; religious experi- 

Generalized convulsive ence; euphoria; agitation 
seizures and confusion; unrespon- 
Postictal assaultiveness | siveness; sweatiness and 
tachycardia 
Case m1, I. N., Minor attacks: olfactory | Spikes in left | Spiking and Left | 10, 20 and 60 pulses Fumbling; fright: ‘a 
43 yr. @ aura temporal spontaneous _ per sec. alization; confusion; un- 
Psychomotor attacks: fum- | region seizure dis- | 1 msec. pulse dura- | responsiveness; adversive 
bling, fright, rambling | charges | tion movements of eyes and 
speech, automatism, con- | | 5-15 volts head; tachypnea and 
fusion, unresponsiveness, tachycardia; rise in blood 
amnesia pressure 50/50 mm. Hg 
Postictal assaultive behavior | 
Case tv, C. W., | Minor attacks: brief periods | Spiking over Spiking Left | 30, 45 and 60 pulses | Fright; shouting; visual h “i 
28 yr. 9 of dazedness, confusion and | both temporal | per sec. lucination; confusion; un- 
staring | regions and | 1-2 msec. pulse responsiveness; tachypnea; 
Major attacks: dizziness, slow waves | duration bilateral pupillary dilata- 
cephalic aura, generalized | over front | 10-24 volts tion; tachycardia 
convulsions lobes 
Assaultiveness: unrelated to 
seizures 
Case v, W. C., | Swallowing movements | Frontal spikes | Spiking Left 60 pulses per sec. | Semi-purposive movement 
36 yr. S Generalized convulsions | and temporal | 1 msec. pulse dura- | of right hand; feeling of 
Confusional spells with de-| spikes on left | tion bewilderment 
structive behavior and side | 10-20 volts 
amnesia 
Case v1, M. C., | Psychomotor attacks: suck- | Spikes over Spiking | Left 145 bene 60 pulses per | Staring, turning of head; 

27 yr. 9 ing of thumb, clenching of | both temporal sec. fumbling movements; 
fist, grimacing, confusion, | regions, more | 1 msec. pulse dura- | swallowing movements; 
unresponsiveness | marked on the tion tachypnea; bilateral pupil- 

Generalized convulsive | left side 6-17 volts lary dilatation; tachy- 
cardia; increase in blood 


| seizures 


pressure 80/60 mm. Hg; 
smacking of lips 


cortical atrophy and “‘incisural sclerosis.”’ Until 
the normal histologic variation is carefully 
evaluated the importance of such microscopic 
findings must remain open to question. Crome 
[23] has presented evidence that similar lesions 
can be found in the temporal lobes of people 


with no epilepsy. 


Very promising results both with regard to 


seen whether or not long-term evaluation will 
confirm the early promising results. In our 
cases the follow up has been too short for valid 
appraisal of the electrocoagulation procedure. 
It is hoped that a significant therapeutic 
result can be achieved by our method of selec- 


tive destruction of the amygdaloid nuclear 


relief from fits and improvement of the per- can thus be avoided. 
sonality disorder have been reported following The common association 


temporal lobectomy [22,24,25]. It remains to be 


region and that extensive temporal lobe surgery 


of personality dis- 


order with temporal lobe epilepsy has served 
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to point out the importance of temporal lobes 
in the integration of personality and behavior. 
It would be absurd, however, to assume that 
the anatomic basis of behavior is confined to the 
temporal lobe or to any one lobe. All we can 
justifiably conclude is that the amygdala are 
part of the neurophysiologic unit subserving 
memory, behavior and personality. 


SUMMARY 


1. The subject of temporal lobe epilepsy is 
reviewed briefly. 

2. Clinical data have been presented in six 
epileptic patients in whom behavior difficulties 
were a major problem in management. A diag- 
nosis of temporal lobe epilepsy was made on the 
basis of the clinical features and the preoperative 
electroencephalographic tracings in all these 
patients. 

3. Spiking was recorded from the depth elec- 
trodes implanted in the amygdaloid region in all 
six patients. 

4. In all except one patient, electrical stimu- 
lation of the amygdala brought out many of the 
features of temporal lobe epilepsy. Included in 
the responses to electrical stimulation were 
elevation of heart rate and blood pressure, 
pupillary dilatation and changes in respiration. 

5. While our current data do not permit us 
to ascertain the exact role of the amygdaloid 
region in the genesis of temporal lobe epilepsy, 
they do suggest that this region is part of the 
neurophysiologic unit involving temporal lobe 
epilepsy and behavior. 
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N reviewing lipide metabolism it has been 
I necessary to limit the citation of original 
papers. Frequent reference is therefore made to 
books [7—3] and reviews [4-72] on fat metabolism 
and only those papers which have not been re- 
viewed previously or which for other reasons 
seem particularly appropriate are quoted di- 
rectly. I have selected those recent developments 
which have modified our insight into the mecha- 
nisms of fat metabolism and which promise, 
however vaguely, application to the under- 
standing or management of cardiovascular 
disease. 

Perhaps a few general remarks about recent 
achievements in the field of lipide metabolism 
are in order. The organic chemists have given 
evidence of their ability to imitate and improve 
upon nature by the synthesis of many naturally 
occurring lipides and of some that are not found 
in nature. The biochemists have made headway 
in elucidating pathways of biosynthesis and 
oxidation of fats, sterols and complex lipides in 
intact animals, perfused organs, tissue slices, 
homogenates, cell fragments and soluble enzyme 
systems. The more physiologically minded in- 
vestigators have fought for and gained a foothold 
in the area of fat absorption, fat transport and 
fat utilization, and the pathologists have con- 
tributed greatly to our knowledge of abnormal 
lipide deposits in the arteries, liver and other 
organs. All these groups have been heavily 
indebted to investigators in various allied fields, 
in particular to those who provided the technics 
of chromatography, electrophoresis, ultracentri- 
fugation, histochemistry and the application of 
isotopes to biologic research. 


INTERMEDIARY METABOLISM 


Oxidation of Fatty Acids and Cholesterol. Recent 
advances made in the study of fatty acid oxida- 
tion have been reviewed by Green [5], Lynen [6] 


and Lehninger [4]. These and other investigators 
have been able to link the stepwise degradation 
of long-chain fatty acids to the metabolic furnace 
known as the Krebs tricarboxylic acid cycle. 
Figure 1 shows in outline form the breakdown of 
palmitic acid. The free fatty acid, with the aid of 
adenosinetriphosphate and coenzyme A (CoA), 
is converted to an activated form which subse- 
quently undergoes a series of reactions whereby 
in effect hydrogen is removed from the molecule. 
Finally an activated acetate molecule (acetyl- 
CoA) is split off and enters the Krebs cycle by 
condensation with oxaloacetate. The oxalo- 
acetate acts as a carrier since it allows oxidation 
of the two carbons of the acetate to carbon 
dioxide and then is itself regenerated to par- 
ticipate once more in the degradation of another 
acetate molecule. This scheme shows the rela- 
tion between the metabolism of fatty acid and 
that of carbohydrate and protein, which also 
enter the tricarboxylic acid cycle. If by some 
defect acetyl-CoA accumulates faster than it can 
combine with oxaloacetate, more acetyl-CoA 
is diverted to acetoacetic acid and possibly 
cholesterol, as shown on the left hand side of 
Figure 1. In the diabetic organism, for example, 
the accumulation of acetoacetic acid probably 
results from excessive oxidation of fatty acids 
[73], a block in the synthesis of long-chain fatty 
acids from acetyl-CoA [74] and interference in 
the oxidation of acetate [75]. 

Apparently all tissues of the mammalian 
organisms so far examined (liver, kidney, heart, 
brain, pancreas, muscle, testes and Jung) can 
oxidize fatty acids to carbon dioxide and water. 
In starvation the heart, for example, depends 
greatly on a supply of fatty acids for its energy 
metabolism [76]. Thus the view that only the 
liver is capable of carrying out the initial deg- 
radation of the long-chain fatty acid molecule 
which was previously held is no longer tenable. 


* From the Division of Physiology, University of Tennessee, Memphis, Tenn. 
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Fic. 1. Schematic presentation of oxidation of palmitate and cholesterol, and of the 
biosynthesis of palmitate, acetoacetate and cholesterol from acetyl coenzyme A. Only 
the carbon (@) and oxygen (0) skeletons of the various molecules are shown. 


The liver probably differs from other tissues: its 
rate of fatty acid cleavage to acetyl-CoA greatly 
exceeds the rate at which these molecules are 
further degraded to CO» and H.O. Thus the 
liver is the only significant source of serum 
acetoacetic acid and other ketone bodies. 

The effect of the nutritional state of the organ- 
ism on the rate of degradation of fatty acid has 
been thoroughly investigated during the past few 
years. Liver slices from rats adapted to high fat 
diets exhibit higher rates of fat oxidation than 
slices from carbohydrate-fed control rats [77]. 
Similarly, fasting [78] and diabetes [73] greatly 
accelerate the oxidation of C'*-palmitic acid as 
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demonstrated in liver slices from rats whereas 
addition to the slice of pyruvate, which is a 
breakdown product of glucose metabolism, or 
the injection of insulin diminishes the produc- 
tion of C“Os,. Jn vitro addition of glucose to 
liver slices does not spare fat oxidation although 
addition of a similar amount of fructose does 
[79]. This apparent discrepancy may be ex- 
plained by the fact that fructose is more readily 
utilized by the liver slice than glucose. Ap- 
parently the presence of glycolytic products 
inhibits the degradation of fatty acids and the 
action of insulin on this process is probably 
mediated through its stimulation of glucose 
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metabolism. That the sparing of fat oxidation by 
carbohydrate must occur during the initial 
stages of degradation of the long-chain fatty 
acids is indicated by the fact that the injection of 
insulin into diabetic rats or the addition of 
pyruvate to liver slices has no effect on the oxida- 
tion of the shorter-chain fatty acid, octano- 
ate [73,78]. 

With the present emphasis on the importance 
of essential fatty acids as a nutritional factor 
regulating fat metabolism it is disappointing that 
so little work has been done on the intermediary 
metabolism of the essential fatty acids themselves 
or on their effect on the metabolism of more 
highly saturated fats. Mead et al. [20] showed, 
however, that the oxidation of fat was not im- 
paired in the intact rat which was deficient in 
essential fatty acids. Actually, the oxidation of 
C-linoleic acid proceeded at a high rate even 
in the deficient animals, and there appeared to 
be no mechanism for conserving this essential 
fatty acid. This study confirms earlier findings 
that oleic acid is not converted to linoleic acid in 
the intact organism, but that the latter may 
be converted to arachidonate. In choline-defi- 
cient rats the administration of choline promotes 
the oxidation of fatty acids as demonstrated in 
liver slices and certain other extrahepatic tissues 
[27,22]. This finding is consistent with the view 
that choline prevents the development of a 
fatty liver by stimulating hepatic fat oxidation 
rather than by fat transport from the liver [9,77]. 
Cystine and tocopherol, which have received 
attention in this connection, also stimulate the 
oxidation of fatty acids [23], and it is postulated 
that normal concentrations of cystine and 
tocopherol are required to maintain optimal 
levels of coenzyme A in the liver. 

The oxidative degradation of radioactive 
cholesterol has received renewed attention by 
the demonstration that ring-labeled C'*-choles- 
terol is not oxidized to CQO, in a perfused liver 
whereas the labeled side chain readily releases 
radioactive carbon dioxide. Apparently the 
oxidation of cholesterol to bile acids, which is 
the major pathway by which cholesterol is 
removed from the body, also takes place in the 
isolated liver [24]. Retarded oxidation of choles- 
terol may be responsible for the development of 
hypercholesteremia and atherosclerosis, as is 
indicated by the greatly reduced conversion of 
cholesterol to bile acids in dogs receiving thi- 
ouracil and cholesterol [25]. Other develop- 
ments in the degradation and synthesis of choles- 


terol have been reviewed by Friedman et al. 
[70]. 

Biosynthesis of Cholesterol. A provisional 
scheme of reactions for the synthesis of choles- 
terol is indicated in Figure 1. Acetyl-CoA prob- 
ably condenses to form acetoacetyl-CoA which, 
with the addition of one more acetyl-CoA and a 
decarboxylation, gives rise to a_five-carbon 
unit (dimethylacrylate). Six of these five-carbon 
units condense through various steps to form 
the long-chain hydrocarbon, squalene. The 
squalene cyclizes and loses three methyl groups 
to form cholesterol. A scheme such as this can 
account for the distribution of C™ in cholesterol 
synthesized from carboxyl- and methyl-labeled 
acetate [26]. Squalene appears to play a role in 
the synthesis of cholesterol in man. This is 
demonstrated by the fact that prefeeding of 
squalene markedly reduces the incorporation of 
radioactive acetate into serum _ cholesterol 
[27,28]. Recent evidence indicated that lanosterol 
is an intermediate in the conversion of squalene 
to cholesterol [29,30] and that demethylation of 
lanosterol requires the presence of microsomes in 
the reaction mixture [29-37]. It is possible that in 
the intact cell the major oxidative and degrada- 
tion reactions proceed with the aid of mito- 
chondria whereas the synthetic mechanisms are 
carried out by microsomes. 

Evidence that cholesterogenesis is controlled 
by hormonal factors was obtained by the demon- 
stration in liver slices from hypophysectomized 
rats that little C'*-cholesterol from acetate is 
synthesized [32]. This inhibition of cholestero- 
genesis is not the result of a poor nutritional state 
of the animal, which similarly will lower choles- 
terol synthesis. The biosynthesis of liver choles- 
terol is also regulated by the amount of dietary 
cholesterol. Thus rats [33], dogs [34] or rabbits 
[35] fed cholesterol for varying intervals show a 
sharp decrease in hepatic cholesterogenesis. If 
such inhibition should also occur in man it 
would indeed be questionable whether or not 
restriction of cholesterol intake would have any 
rational basis; the withdrawal of dietary choles- 
terol would only stimulate the synthesis of endo- 
genous sterol. That endogenously synthesized 
cholesterol may be of importance in athero- 
genesis has been demonstrated in the stilbestrol- 
treated bird, in which atheromatous plaques 
develop without the addition of any cholesterol 
to the diet [36]. 

Tomkins et al. [37] studied the effect of other 
dietary steroids on cholesterol synthesis. Some 
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steroids reduced the incorporation of C'*-acetate 
into cholesterol of liver slices from rats but 
neither mixed soybean sterols nor dihydrocholes- 
terol, both of which have been implicated in 
lowering serum cholesterol levels, had any effect 
on cholesterol syathesis by the liver. However, 
Curran and Costello [38] found that dihydro- 
cholesterol fed to rabbits or rats suppressed the in 
vitro incorporation of C'4-acetate into cholesterol. 
Apparently, further work will be required to 
clarify the effects of sterols on cholesterol 
synthesis. 

In view of the commonly accepted importance 
of cholesterol in the development of athero- 
sclerosis the modification of cholesterol synthesis 
by physiologic stimuli or drugs might shed addi- 
tional light on this disease. Thus Frantz and 
Hinkelman argued that the hypercholesteremic 
effect of parenteral triton, a surface-active 
agent, is due to increased synthesis of liver choles- 
terol [39]. Other investigators have found, how- 
ever, that the increase in blood level might be 
secondary to alterations in the serum lipoprotein 
complex and subsequent retention of serum 
cholesterol [70,40]. Accumulation of bile acids in 
blood also raises blood cholesterol levels. This 
increase has been explained by ‘“‘trapping”’ of 
plasma cholesterol [70], or by increased synthesis 
of liver cholesterol [47], conflicting theories, as in 
the case of triton. Perhaps this divergence of 
opinion may be clarified by the work of Hirsch 
and Kellner [42]. These workers showed that 
mice injected with triton exhibit an increase in 
total body cholesterol associated with the hyper- 
cholesteremia, which therefore cannot be ex- 
plained by mobilization of cholesterol from the 
tissues. Their studies on rabbits indicate, further- 
more, that triton interferes with the transfer of 
plasma cholesterol to the liver [40]. Since it is 
already known that triton inhibits lipoprotein 
lipase by binding serum lipoproteins [43] it might 
be postulated that altered lipoproteins deliver 
cholesterol to the liver at a slower rate and that 
this restriction in the supply stimulates liver 
cholesterol synthesis, as occurs when dietary 
cholesterol is withdrawn. 

Although the majority of investigators have 
concentrated their attention on the synthesis of 
cholesterol by liver, extrahepatic tissues such as 
skin, kidney, testes, adrenal and small intestine 
also are capable of synthesizing cholesterol [44]. 
Some species differences may exist in this respect: 
the rabbit [45], rat [45] and mouse [46] appar- 
ently synthesize cholesterol in the small intestine 


very rapidly whereas this is not the case in the 
dog [45]. In view of the immediate involvement 
of the artery in the process of atherogenesis it is 
of interest to note that several reports confirm 
earlier observations on the synthesis of choles- 
terol by arterial tissue in vitro [35,47,48]. Choles- 
terol synthesis in rabbit aorta [35] proceeds at the 
same rate in the cholesterol-fed animals as in 
control animals although hepatic cholestero- 
genesis is markedly suppressed by dietary choles- 
terol. In this respect the rabbit aorta behaves 
like skin or small intestine of the dog [34]. 
Werthessen et al. [48] report conversion of 
C'4-acetate to labeled cholesterol in perfused 
calf aorta. They show that addition of estrone to 
the perfusion fluid increases the rate of acetate 
incorporation. Although these studies indicate 
that the artery in various species is capable of 
synthesizing cholesterol, further work on the 
intact animal is required to determine whether 
or not this process is important in the develop- 
ment of atheromatous lesions. 

The study of cholesterol synthesis from C'*- or 
H?-acetate in man [49-53] shows that injected 
acetate is rapidly converted to liver cholesterol 
and that the free cholesterol in the liver equili- 
brates with plasma-free cholesterol in a matter of 
hours. Subsequently the free cholesterol of 
plasma comes into complete equilibrium with 
that of the red cells. The appearance of choles- 
terol ester is delayed and the specific activity 
of this material does not reach a maximum until 
one or two days after administration of the 
isotope. Labeled dietary cholesterol appears in 
the bloodstream much more slowly than choles- 
terol synthesized from acetate. This may be due 
in part to the rather slow absorption of exogenous 
cholesterol but the difference is greater than can 
be accounted for by this mechanism [57]. 
Probably dietary cholesterol, after entering the 
bloodstream by way of the lacteals, is rapidly 
removed by the liver in which it is retained and 
linked with proteins before release into the 
bloodstream. These studies indicate that when 
ingested cholesterol is thus released into the 
blood its metabolic fate is indistinguishable from 
that of endogenously synthesized cholesterol. 

Biosynthesis of Glycerides. Even if we assume 
that the fatty acids are synthesized by a reversal 
of the mechanisms of oxidation, which is at least 
theoretically possible, we have not yet discussed 
the manner in which the fatty acids become in- 
corporated into phosphatides and triglycerides. 
An account of this process has been given by the 
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studies of Kennedy’s group [54-56]. These 
investigators have shown that isolated mito- 
chondria from chicken livers can synthesize 
lecithin. Apparently, phosphorylcholine is acti- 
vated enzymatically to form cytidinediphos- 
phocholine. This intermediate then donates 
phosphorylcholine to a diglyceride molecule like 
phosphatidic acid and forms lecithin 


Cytidine triphosphate Phosphatidic acid 
+ phosphory]l- | —PO, 
choline | 


— pyrophosphate 


Cytidine diphosphocholine + a, 8-diglyceride 
— lecithin + cytidine phosphate 


The role of phosphorylcholine as an intermediate 
was also demonstrated in mitochondria from 
guinea pigs [57], and a similar system for the 
formation of ethanolamine-phosphatide has been 
established [56]. In a parallel study Weiss and 
Kennedy [58] demonstrated that chicken liver 
preparations also catalyze the synthesis of tri- 
glycerides by a similar mechanism 


palmitoyl-S-CoA a,8-diglyceride 
— triglyceride + CoA-SH 


Thus it appears from these studies that the 
synthesis of phosphatides and triglycerides is 
closely related. The incorporation of fatty acids 
into the lecithin molecule has been greatly 
clarified by the studies of Hanahan [59]. This 
investigator demonstrated that the fatty acids in 
the a’ position are primarily unsaturated 
whereas only saturated fatty acids are found in 
the 8 ester position. When C'*-palmitate was fed 
to rats approximately 10 per cent of the total 
lipide C' was found in the lecithin and virtually 
all of that was recovered in the a’ position [60]. 
Thus the two fatty acids of the lecithin molecule 
may serve entirely different functions, and a 
minimal intake of dietary unsaturated fatty 
acids may be required to maintain, by steady 
turnover, the integrity of tissue phosphatides. 
The consensus seems to be that the same condi- 
tions which accelerate fat oxidation by impair- 
ment in the breakdown of carbohydrate, that is, 
fasting [67-64], diabetes [65] or a low carbo- 
hydrate diet [66], also restrict the synthesis of 
fatty acids in the animal body. The in vitro addi- 
tion of glucose or glucose plus insulin [67] to liver 


slices from fasting rats greatly enhances lipo- 
genesis. Similar effects are obtained in the 
isolated perfused liver from diabetic rats [7/4]. 
The failure of the liver slice from fasting rats to 
respond to the addition of insulin alone [64,67] 
is probably accounted for by the deficiency of 
carbohydrate in this preparation. Similarly, 
the deficient lipogenesis and cholesterogenesis in 
liver slices from hypophysectomized rats [68] is 
restored by feeding of excess glucose or starch. 
Most of the previous studies were concerned with 
the synthesis of total fatty acids of liver in the 
fasting state but Kline et al. [69] studied phos- 
phatide synthesis as well. Phosphatide synthesis 
as measured by the incorporation of C'-acetate 
appeared to be diminished but the incorporation 
of C-glycerol, C'-glycine or P** was altered 
only slightly or not at all. Thus it appears that 
the observed lower incorporation of C'‘-acetate 
into phosphatide fatty acid represents a lowered 
specific activity of fatty acid rather than 
impaired formation of phosphatide molecules. 
The accelerated fat oxidation combined with 
impaired fat synthesis easily accounts for the 
loss of fat stores when carbohydrate metabolism 
is disturbed. 


METABOLIC CHARACTERISTICS OF FATTY DEPOSITS 


Adipose Tissue. The metabolic activity of 
adipose tissue has not received a great deal of 
attention although its energy metabolism cal- 
culated on the basis of fat-free weight is about 
one-half that of liver [7]. Accumulation of 
glycogen is observed in adipose cells during the 
refeeding period after a prolonged fast. This 
is evidence for conversion of carbohydrate to fat 
by adipose cells, a conversion that is temporarily 
blocked by starvation. A very rapid synthesis of 
fat from C'*-glucose by interscapular fatty tissue 
of mice has also been observed [46]. 

In vitro studies have demonstrated that 
depleted fat cells eagerly sequester fatty acids 
from serum [7]. Thus depot fat may be syn- 
thesized from dietary carbohydrate or fat, 
which was of course well known before these 
detailed mechanisms were revealed. In hered- 
itarily obese mice, mice made obese by the 
injection of goldthioglucose or in obese rats after 
hypothalamic injury, 90 per cent of the weight 
increase consists of fat of the same composition as 
that of normal animals [70]. Yet differences in 
metabolic patterns are seen when these animals 
are given C'‘-acetate. In the mice treated with 
goldthioglucose an increase in lipogenesis is 
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observed as long as the dietary intake of calories 
remains high but in the hereditarily obese mice 
and the obese rats lipogenesis stays accelerated 
even during periods of negative energy balance 
[77]. Similar experiments [72] with C‘4-palmitate 
give the impression that obese animals turn over 
their fat stores at a slower than normal rate. 

Fatty Liver. A fatty liver may be produced by 
excessive mobilization of fat from fat depots by 
the action of hormones or by neurogenic activity. 
This type of “physiological” fatty liver is usually 
associated with hyperlipemia and ketonemia, 
signs that fat oxidation is accelerated [7]. On the 
other hand, fatty livers produced by liver toxins 
or by deficiencies of lipotropic agents are asso- 
ciated with normo- or hypolipemia without 
ketonemia. Studies with radioactive fat have 
confirmed earlier suggestions that in these 
conditions fat oxidation is impaired [27]. 
Deuel [7] and Best [8] have reviewed the action 
of lipotropic agents in experimental animals and 
give numerous references to earlier literature. 
Originally dietary lecithin and, later, choline 
were shown to be essential for the maintenance 
of normal liver composition. Soon it became 
known, however, that the diet does not have to 
furnish the entire choline molecule if a source of 
active methyl groups (methionine, betaine) is 
supplied, and now it is apparent that part of the 
requirement for active methyl groups may be 
met by biosynthesis from formate, through 
reactions involving vitamin B,. and folic acid [8]. 
Recent studies have indicated, moreover, that 
protein deficiency and an improper balance of 
dietary amino acids result in a fatty liver that 
cannot be repaired by choline [8]. 

The mechanism of action of choline and other 
agents in the prevention of a fatty liver is by no 
means settled. Evidence that choline and certain 
other lipotropic agents stimulate liver phospha- 
tide synthesis has been summarized previously 
[77]. It appears that lipotropic activity cannot be 
explained by increased transport of liver fat in 
the form of plasma phosphatides but it is possible 
that the increased phosphatide synthesis in the 
liver is related to accelerated fat utilization by 
this organ. Certainly liver lecithin synthesis is 
greatly increased by choline and by other con- 
ditions in which fat catabolism is increased [77]. 
Moreover, the more direct evidence that choline 
stimulates the oxidation of C‘*-palmitic acid in 
the liver [27] strengthens the hypothesis that this 
lipotropic agent acts by stimulating the degrada- 
tion of fat. 
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Atheromatous Plaques. In the rabbit and 
chicken a high cholesterol diet is a sufficient 
stimulus for atherogenesis [3]; in the dog, how- 
ever, cholesterol feeding must be combined with 
suppression of thyroid activity [25] and in the 
rat the additional factor of cholate in the diet is 
required [73]. Under somewhat different condi- 
tions, elevated blood lipides and coronary 
lesions have been produced in rats on high 
cholesterol, high fat diets by prolonged exposure 
to cold [74]. The factors required for the produc- 
tion of atheromatous lesions in monkeys have 
been discussed by Mann et al. [75]. 

In view of all the attention paid to the altera- 
tion of blood lipides in both human and experi- 
mental atherosclerosis it is somewhat surprising 
that the chemical composition of the lesion itself 
has not been more thoroughly investigated. 
Apart from the observation that cholesterol 
accumulates in the intima, only sporadic men- 
tion is made of the occurrence of abnormally 
large quantities of phosphatides and triglycer- 
ides in this lesion. In our own laboratory we have 
examined the origin of one group of lipides that 
accumulate in atheromatous lesions of rabbits, 
the phosphatides. By comparing the rate of 
deposition of P**-labeled plasma lipoproteins 
with the synthesis of phosphatides from P**-phos- 
phate in situ it was concluded that practically all 
excess phosphatide in the artery is derived 
from synthesis [76]. In a later study [77] it was 
demonstrated that the greatly accelerated 
synthesis of arterial phosphatides is confined to 
the lecithin and sphingomyelin fractions and 
that cephalins are not involved. The studies of 
Steele and Kayden [78] confirm earlier findings 
of Buck and Rossiter [79] that sphingomyelin ac- 
cumulates in human atheromatous plaques. The 
demonstration that atheroma phosphatides are 
derived from arterial synthesis rather than from 
deposition of blood lipids or blood lipoproteins 
raises some question about the origin of choles- 
terol and other plaque lipides. Although it has 
been demonstrated that the artery can synthesize 
cholesterol in vitro the quantitative importance 
of this mechanism in the production of atherom- 
atous lesions in intact animals has not yet been 
ascertained. 

In the study of experimental atheromatosis 
major emphasis has been placed on the induction 
phase and few data are available on the sequence 
of events after withdrawal of the atherogenic 
agent. McMillan et al. [80] demonstrated, 
however, that six months after removal of choles- 
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terol from the diet of atherosclerotic rabbits the 
cholesterol content of the artery was still maxi- 
mal although visually the lesions appeared to 
have regressed somewhat. Similar conclusions 
were reached by Beher et al. [87] who studied 
the effect of 8-sitosterol on the regression of 
arterial lesions. However, it appears from these 
experiments that the serum cholesterol level 
decreases very slowly after withdrawal of dietary 
cholesterol. It takes more than a month for the 
extreme hypercholesteremia to decrease 50 per 
cent, and even after four months the serum 
cholesterol level is still elevated. It is therefore 
not too surprising that atheromatous lesions 
persist. A more interesting question is: Why does 
the hypercholesteremia persist so long? Is 
there enough cholesterol stored in the liver 
to maintain a constant oversupply to the plasma? 
This does not appear too likely. Perhaps the 
hypercholesteremic rabbit suffers from a 
metabolic derangement in the removal or deg- 
radation of body cholesterol, as was observed 
in the dog [25]. Only further study will clarify 
this situation. 

In discussing the effect of cholesterol or dietary 
fac on atherogenesis most students of this disease 
assume that the dietary lipide is directly responsi- 
ble for the accumulation of lipide in the artery 
or that it causes some metabolic derangement 
in lipide metabolism which then causes the 
arterial lipoidosis. Yet it would seem entirely 
possible that dietary lipide triggers the develop- 
ment of arterial lesions in a much more indirect 
manner. One such mechanism has been reviewed 
and discussed by Fullerton [82] who accepts the 
earlier hypothesis [83] that the formation of 
fibrin and its deposition in the arterial wall 
represents the earliest phase in the development 
of atherosclerosis and that fatty changes in the 
artery foilow. It has been shown repeatedly 
that phosphatides [77,84], free fatty acids [85] or 
chylomicra [86] promote the coagulation of 
blood. The presence of excess fat in the blood- 
stream would thus promote thrombogenesis 
[87] and perhaps also the infiltration of the 
fibrin-induced lesion with lipide [88]. Such a 
sequence of events might elucidate the correla- 
tion between the incidence of atherosclerosis and 
of various types of lipemias. A somewhat dif- 
ferent although related approach has been taken 
by Swank [89] who has shown that the presence 
in blood of chylomicra from dietary fat or from 
intravenous fat emulsions greatly increases the 
viscosity of blood. Such a change in viscosity 


with a resulting slowing of blood flow, coupled 
with an increased coagulability of blood induced 
by chylomicronemia, might constitute the causal 
link between increased blood lipide concentra- 
tions [90] and the final thromboembolic event in 
the coronary patient. 


LIPIDE TRANSPORT 


Since serum lipoproteins and the hormonal 
and dietary control of serum lipides will be re- 
viewed in future articles in this series, these 
topics will be omitted from the present discussion. 

Absorption of Lipides. Present concepts of the 
mechanisms of digestion and absorption from the 
gastrointestinal tract have been reviewed by 
Bergstrém and Borgstrém [7/2]. The differences 
of opinion between supporters of the lipolytic 
and partition theories have not been resolved. 
According to the former school, fats are com- 
pletely split in the intestinal tract, resynthesized 
and transported by the lymphatics, whereas the 
supporters of the latter view hold that little 
splitting goes on in the gastrointestinal tract and 
that most of the fat is absorbed as intact fat 
droplets. Perhaps the views of Reiser and Dieck- 
ert [9/7] might serve as a compromise. These 
investigators believe that their experiments with 
doubly labeled triglycerides show a splitting of 
60 per cent of the triglycerides to monoglycer- 
ides, absorption of these molecules, resynthesis 
without participation of intestinal phosphatides, 
and transport by the thoracic duct. These con- 
cepts are supported to some extent by the work of 
Gidez and Karnovsky [92] who studied the 
absorption and metabolism of the glycerol 
moiety of glycerides. When glycerol-labeled 
triolein is fed to rats, complete absorption occurs 
in four hours. The specific activities of various 
glycerides in the intestinal wall indicate that 
most of the fat is absorbed prior to complete 
hydrolysis. A somewhat similar conclusion was 
reached for the absorption of phosphatides. 
Studies with P**- and C!*-labeled phosphatides 
show that the rat absorbs a significant portion 
of fed phosphatides without hydrolysis [93-95]. 

The lack of effect of fat absorption on the 
turnover of intestinal phosphatides has been 
repeatedly demonstrated [77]. Similarly, during 
fat absorption the triglycerides in intestinal 
lymph increase much more than the phospha- 
tides [96,97]. Thus it is becoming more and more 
evident that, although phosphatides may aid 
the transport of absorbed lipide, nearly all the fat 
is transported in the form of triglycerides. 
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The application of balance experiments to 
study fat absorption in man or experimental 
animals is limited by the circumstance that an 
unknown quantity of fat is secreted into the 
intestine. Thus Tidwell et al. [98] observed in the 
intestinal contents a decrease in specific activity 
of fed C'4-palmitic acid diluted with olive oil, 
which was interpreted as dilution of the oral 
dose by secreted fat. Unfortunately this is not 
conclusive evidence since Borgstro6m demon- 
strated that after feeding C'‘-palmitic acid 
diluted by corn oil the specific activity of fatty 
acid in lymph early in the experiment is twice as 
high as that of the oral dose. Apparently the 
free fatty acid is preferentially absorbed from 
the fat mixture, leaving behind a residue of lower 
specific activity [99]. Although C!*-labeled fats 
have been used profitably in animal studies the 
inherent dangers of this isotope have limited 
its application to man. It is fortunate, therefore, 
that one can label various fats with radioactive 
iodine (I'*'). By this means Malm et al. [700] 
were able to demonstrate in normal subjects a 
more rapid absorption of I'*!-olive oil than of 
I'%!-oleic acid. About 70 per cent of the I'*! 
of the administered olive oil is excreted in the 
twenty-four-hour urine, indicating rather rapid 
deiodination of the radioactive fat. Of course, it 
is too early to tell whether or not the deiodina- 
tion is a reliable index of fat oxidation. Patients 
with previous gastric surgery or pancreatic 
disease [707,/02] show smaller amounts of I!#! 
in their blood and larger excretion of I'*! 
in the stool after a single dose of oral I'*!- 
triolein than normal control subjects. Thus 
triolein apparently is not deiodinated in the 
intestine. 

Although it is commonly accepted that bile is 
required for the absorption of lipides from the 
gastrointestinal tract it has been suggested that 
steatorrhea in animals or in patients with bile 
fistulas is the result of increased secretion of fat 
into the intestine rather than decreased absorp- 
tion [703,704]. One might expect that the ap- 
plication of radioactive isotopes would elucidate 
this problem and, indeed, the observation [705] 
that obstruction of the common bile duct in 
dogs does not diminish the entry into the blood 
of I'*! from orally administered I'*!-triolein 
lends support to this suggestion. Similarly, 
labeled phosphatides [706] and labeled fatty 
acids [99] appear to be adequately absorbed in 
rats with bile fistulas. However, it was observed 
that only one-fourth of the normal amount of 
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free fatty acid or phosphatide appears in the 
intestinal lymphatics. Thus bile might regulate 
the path by which lipides are absorbed rather 
than the quantity which is assimilated. In view 
of these findings Siperstein et al. [707], who 
measured the absorption of lipides on the 
basis of collected lymph, may wish to review 
their opinion that bile is required for the ade- 
quate absorption of fatty acids. 

The demonstration that plant sterols lower 
the serum cholesterol level in birds [708] 
prompted numerous studies on the mechanism 
of sterol absorption and possible ways of inter- 
fering with this process. Rats given 1 to 20 per 
cent D-labeled cholesterol absorb about 45 per 
cent of sterol until the dietary cholesterol level 
reaches the 10 per cent level at which time the 
per cent absorption decreases [709]. This ob- 
servation agrees with the findings of Ivy et al. 
[770] who compared the absorption of cholesterol 
with dihydrocholesterol and soybean sterols. 
Although the latter two types of sterols appear 
to compete with cholesterol for absorption, the 
exogenous sterols do not seem to increase the 
elimination of endogenous cholesterol. From the 
literature it cannot be ascertained whether soy- 
bean sterols or other sterol analogs are effective 
inhibitors of cholesterol absorption. According 
to Hernandez et al. [777,/72] the appearance 
of fed C'*-cholesterol in thoracic duct lymph of 
rats is greatly reduced by the simultaneous feed- 
ing of mixed soybean sterols or £-sitosterol. 
However, the results from Friedman’s laboratory 
[773,174] appear to be in direct contradiction to 
these findings. After prolonged feeding of plant 
sterols, rats may absorb as much as one-fourth 
of the fed sterols [770,775]. Even though no plant 
sterols are found in the blood or liver of these 
animals the blood cholesterol levels are increased 
above normal [775]. Some of these contradictory 
findings may be due to the difficulty in the 
determination of cholesterol in the presence of 
other sterols. Wider application of chromato- 
graphic technics [/75] would appear desirable. 
Further studies of dosage, type of sterol prepara- 
tion, method of administration and the presence 
of accessory dietary factors may eventually 
unravel these controversies. 

Even though cholesterol is absorbed in the 
absence of dietary fat the balance of evidence 
shows that certain dietary fats promote choles- 
terol absorption [776]. In man, for example, 
cholesterol from eggs, which is intimately mixed 
with triglyceride and lecithin, produces more 
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hypercholesteremia than the same amount of 
crystalline cholesterol [777]. Some investigators 
believe that esterification of cholesterol is in- 
volved in the absorption of dietary cholesterol 
[778] and that dietary fat promotes cholesterol 
absorption by providing fatty acid for esterifica- 
tion as well as by stimulating the flow of bile, 
which in turn activates cholesterol esterase. 
The importance of esterification for choles- 
terol absorption, however, has been ques- 
tioned [779,720]. 

Origin and Fate of Plasma Lipides. It seems 
fairly well established that in both the fasting 
rat [/27,/22] and dog [9,723] the liver plays a 
pre-eminent role in the production and utiliza- 
tion of plasma phosphatides and cholesterol. 
This is somewhat surprising since studies with 
P*?., and H*-labeled lipides or lipide pre- 
cursors have revealed that most tissues of the 
mammalian organism can and do synthesize 
phosphatides [9] and cholesterol [44]. In the 
chicken [724] and rabbit [725], however, 
extrahepatic tissues appear to contribute ap- 
preciable quantities of phosphatide to the blood- 
stream. Moreover, in the latter two species the 
plasma phosphatides contain a much greater 
percentage of cephalin than in either man, rat or 
dog. Quantitative aspects of cholesterogenesis in 
intact animals and in man have already been 
referred to in the section on cholesterol bio- 
genesis. Two studies on phosphatide transport in 
man should be mentioned, however. Moser and 
Emerson [726], in a careful study, calculated the 
turnover rate of phospholipide in the liver 
and plasma compartment and found that the 
turnover time in normal man ranged from sixty 
to ninety-five hours, or an absolute turnover rate 
of about 18 gm. per day. When we compare this 
to the turnover of 1 to 3 gm. per day of a similar 
pool of cholesterol [53] it is evident that the 
plasma phosphatides are renewed much more 
rapidly than cholesterol. Similar studies in 
nephrotic patients show that in nephrosis the 
exchange of phosphatides between tissue cells 
and plasma is slower [726]. Florsheim et al. [727] 
compared the disappearance of injected labeled 
phosphatides from the bloodstream with the 
synthesis of newly formed plasma phosphatides 
from P*?. Both technics give comparable answers 
and show little or no difference in the absolute 
turnover rates of plasma and liver phosphatides 
in various thyroid states. 

The role of the reticuloendothelial system 
(RES) of the liver in the removal of lipides 


from the blood has been emphasized by Fried- 
man et al. [7/0]. In a series of papers on this sub- 
ject they show that in rats or in dogs treated with 
so-called RE blocking agents the removal of 
chylomicra and of exogenous cholesterol from 
the bloodstream is impaired whereas endogenous 
cholesterol continues to be removed. Exogenous 
cholesterol was found in isolated Kupffer cells 
and in RE cells in situ. According to these 
authors, dietary cholesterol enters the blood- 
stream primarily as a part of chylomicra, the 
chylomicra are absorbed by liver RE cells and 
the cholesterol is then released as ‘“‘endogenous”’ 
cholesterol. The ease with which hypercholes- 
teremia develops in the cholesterol-fed rabbit 
is ascribed to the relative sluggishness of rabbit 
liver RE cells* [728]. A critical discussion of these 
interesting results is beyond the scope of this 
article. It should be pointed out, however, that it 
is debatable whether or not RE block can be 
achieved by the methods employed. Since a 
major portion of the argument for RES par- 
ticipation in lipide metabolism depends on the 
assumption that RE block was achieved, one 
might wish some proof of this hypothesis. 

Mechanisms of Hyperlipemia. ‘The term hyper- 
lipemia or lipemia is used in a number of differ- 
ent ways and the manner of usage is not always 
clear. It would seem that (hyper)lipemia might 
be properly used when one wishes to convey 
the idea that the total lipide content of the blood 
is above normal limits. If one discusses the eleva- 
tion of only a single type of blood lipide one 
might preferably use the terms (hyper)phos- 
pholipemia, (hyper)cholesteremia and (hyper)- 
triglyceremia. In addition, if one wishes to 
refer to an excess of chylomicra in the blood one 
might reserve the term (hyper)chylomicronemia. 
In the present discussion this terminology will 
be followed. 

The studies of Ahrens and Kunkel [730] led to 
the suggestion that blood serum from patients 
with elevated blood lipide levels failed to show 
turbidity when the serum phosphatide concen- 
tration was relatively high. Albrink et al. [737] 
indicate, however, that the turbidity of serum 
is more related to the neutral fat content of the 

* A different view has been expressed by French et al. 
[729] who observed that the lipide particles of plasma 
from rabbits fed cholesterol contained a relatively large 
proportion of cholesterol that resisted clearing by post- 
heparin “clearing factor,” and inhibited the clearing 
of fatty chyle. Thus the removal of lipide from hyper- 
cholesteremic rabbit serum may be impeded by a 
partial block in the clearing mechanism. 
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blood, irrespective of its phosphatide content. 
The latter investigators state that whenever the 
neutral fat content of the blood exceeds 20 
mEq./L. (590 mg. per cent), lactescence is 
present. Thus it appears that some neutral fat is 
held by serum proteins in more or less ‘“‘soluble”’ 
form, whereas when the proteins are saturated 
we find “insoluble” fat which can be removed by 
high speed centrifugation. The lipide composi- 
tion of lipoproteins from fatty chyle and serum 
were also compared [732]. These analyses show 
that the chyle lipoproteins are much richer in 
triglyceride than serum lipoproteins and suggest 
a preferential rapid removal of triglycerides 
from the bloodstream. 

Friedman and Byers [7/33] studied the role of 
phospholipemia and triglyceremia in the genesis 
of cholesteremia. They show that continuous 
infusion of phosphatide or triglyceride emulsions 
into rats causes a marked increase in the serum 
cholesterol level. This effect is observed even in 
the absence of the liver [734]. The authors make 
the interesting observation that, since the serum 
cholesterol level apparently can be manipulated 
by alterations in serum phosphatides or tri- 
glycerides, the fundamental disturbance in some 
types of clinical hypercholesteremia may not 
reside in a primary abnormality of cholesterol 
metabolism but may be the result of a failure of 
glyceride synthesis or degradation with a second- 
ary change in serum cholesterol level. Another 
instance of hypercholesteremia apparently in- 
duced by a primary defect in some other serum 
constituent was described by Rosenman et al. 
[735]. The elevated serum lipide levels in rats 
with experimentally induced nephrosis seem to 
be related to the loss of serum albumin. In this 
connection it is interesting to note that hy- 
perlipemia fails to develop in_ bilaterally 
nephrectomized dogs when the serum solutes 
are maintained near normal levels by peritoneal 
lavage [736]. 

Lipemia Clearing Factor. Even more impor- 
tant than the problem of producing hyper- 
lipemias is the question of how to reduce them. 
Certain aspects of this question will be discussed 
in future articles dealing with serum lipoproteins 
and the control of serum lipides by diet and 
hormonal preparations. However, one aspect of 
this problem, reviewed by Bergstrém and 
Borgstrém [72], deals with lipemia clearing 
factor and has led to a modified concept of 
lipide transport. The discovery that heparin 
abolishes alimentary lipemia was followed by 
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the isolation of a lipoprotein lipase which hy- 
drolyzes the triglyceride of soluble lipoproteins, 
chylomicra and of artificial fat emulsions acti- 
vated by a-lipoprotein [737]. The lipoprotein 
lipase probably acts primarily in or at the surface 
of tissue cells but it may spill over into the plasma 
after the administration of heparin or in the 
presence of hyperlipemia. It now appears that 
lipoprotein lipase may be a normal, physio- 
logically active enzyme which catalyzes the 
removal of triglycerides from the blood. Gross- 
man et al. [738] observed that in man, alimentary 
lipemia or lipemia following the intravenous 
administration of fat emulsions is associated with 
an increase in unesterified (or free) fatty acids in 
serum. Similar increases have also been reported 
in fasting subjects [76,739,740] and in patients 
with diabetic acidosis [740], whereas a decrease 
occurs when carbohydrate utilization is in- 
creased by administration of glucose [76,739] or 
insulin [740]. The lipolysis of triglycerides by 
lipoprotein lipase is associated with increased 
oxidation of triglyceride fatty acids, as shown by 
the increased output of C!4O, in rats given a 
radioactive soybean oil emulsion and heparin 
intravenously [747]. Thus we may infer that 
lipoprotein lipase progressively removes tri- 
glyceride from the microscopically visible chy- 
lomicra as well as from the more soluble lipo- 
proteins, and that the liberated fatty acids are 
carried by serum albumin until they can gain 
access to the intracellular oxidation systems. 
There are, however, a number of questions left to 
be answered, and it is not certain that this 
mechanism can account for the rapid rate at 
which triglyceride passes from the circulation 
through the capillary endothelium into the tissue 
cell. 


CONCLUSIONS 


The role of the lipides in the total body econ- 
omy cannot as yet be convincingly defined. 
Undoubtedly the fact that the caloric value of 
triglycerides is high and that triglycerides may 
be deposited in a water-insoluble state makes 
them an important form of energy storage. 
However, this property of insolubility in aqueous 
media imposes difficulties in penetration and 
transport which require the participation of a 
phosphatide-cholesterol-protein complex, as well 
as of hydrolytic mechanisms such as pancreatic 
and lipoprotein lipase. There is a possibility that 
phosphatides play a role in the oxidation of 
triglycerides and their presence in large quanti- 
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ties in the nervous system makes one suspect 
that they participate in the execution of nerve 
function. Their participation in secretory mecha- 
nisms also has been suggested [742]. Cholesterol 
probably serves as a precursor of various steroid 
hormones and bile acids which in turn play a role 
in the absorption of cholesterol and other lipides. 
Whether or not cholesterol is directly involved 
in the etiology of atherosclerosis and whether or 
not this mechanism should be listed as a “‘func- 
tion” of cholesterol is, in the opinion of this 
reviewer, somewhat questionable. 
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Conference on Therapy 


Dr. Harry Go tp: The conference this after- 
noon will be opened by Dr. Cattell, of the De- 
partment of Pharmacology. 

Dr. McKEEN CatrTeE.v: The problem of drug 
reactions is one of great concern to physicians. 
. As an introduction to the discussion of the 
: aspects met with in clinical practice, I would like 
: to say a few words regarding the nature of the 
problem. Under appropriate circumstances any 
drug may give rise to untoward effects or, as we 
often call them, side actions. When this happens 
unexpectedly, there is a tendency to hide our 
ignorance by saying that the patient has an 
idiosyncrasy to the drug. It is worth while to 
consider the problem of individual variation in 
relation to the occasional or unexpected toxic 
reaction. Why is it that now and then a patient 
reacts in an unexpected manner to the usual dose 
of a drug? 

It is obvious that the answer to this question is 
at least in part related to the problem of individ- 
ual variability, and it is of interest to inquire to 
what extent this factor may be implicated in the 
occasional reactions which are of special concern 
to us. Variability, of course, is characteristic of 
biology. No two individuals are exactly alike, 
and in the same sense we find that no two indi- 
viduals react to a drug in exactly the same man- 
ner. There are always quantitative differences in 
the response. The problem is similar to that of 
the probability curves which you are familiar 
with, for example, the distribution of numbers in 
the throwing of dice and the chance of a given 
number turning up a certain number of times. 
This, when charted, is called the normal curve 
of variation. This type of curve is familiar to all 
of you I am sure and represents what we speak of 
as the normal distribution curve. No matter what 
characteristic is studied, a certain mean value 
will be found around which the data will fall. 

Let us now refer specifically to the reactions 


134 


Drug Reactions 


HESE are stenozraphic reports, which have been edited, of conferences by the mem- 

bers of the Departments of Pharmacology and of Medicine of Cornell University 
Medical College and the New York Hospital, with collaboration of other departments 
and institutions. ‘The questions and discussions involve participation by members of the 
staff of the college and hospital, students and visitors. 


produced by a drug. The mean dose is indicated 
by the vertical line which cuts through the 
dosage-response curve near its peak. It marks the 
dose which is effective in 50 per cent of the popu- 
lation under study. It is commonly called the 
E.D.50. A certain number of persons will re- 
spond to a relatively small dose, while others 
require a fairly large dose before the effect is 
obtained. 

There is also the other aspect of the problem to 
consider, that is, the toxic dose, which has a 
similar distribution curve. In the case of experi- 
mental work in animals, we commonly use the 
dose which causes death. This is the L.D.50. 

The problem in dealing with therapeutic 
agents is the separation of these two curves. This 
separation is not always cleancut and, in fact, 
with a distribution curve of this type it is prob- 
able that a certain proportion of the population 
will deviate rather widely from the mean. We 
are particularly concerned with any overlap of 
the effective dose with the lethal dose—a circum- 
stance which occurs every now and then in con- 
nection with the therapeutic use of drugs. 

The question arises as to the incidence of 
toxicity which is allowable in relation to any 
given type of medication. Of course, that is 
determined largely by the purpose for which the 
drug is being employed. If one is concerned with 
a serious disease, a drug could be used which has 
a much greater potential for harm than in the 
case of some minor condition. This factor needs 
to be considered in the therapeutic use of any 
drug. The problem has been examined by the 
late Dr. Clark, who was Professor of Pharmacol- 
ogy at Edinburgh. He suggested that one death 
in a thousand would be too high under most 
circumstances and believed that something like 
one in ten thousand would be more reasonable 
for a therapeutic agent. Again, the figure that 
one would accept would depend upon the 
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seriousness of the condition being treated and the 
availability of other drugs for the same purpose. 

Dr. Clark’s successor at Edinburgh, Dr. Gad- 
dum, is visiting this country and is in the audi- 
ence. Dr. Gaddum has contributed a great deal 
in the analysis of data of this type and I hope he 
may have a few words to say. 

This curve is familiar in experimental studies 
on the toxicity of drugs in animals. As an exam- 
ple, we may take digitalis, because ample data 
are available from the assay of digitalis prepara- 
tions in the cat. Some animals die of a rather 
small dose and others of a relatively large dose. 
In this instance the smallest dose which kills an 
animal is about one-fourth the amount which 
kills all. In other words, there is a fourfold 
difference between the dose of digitalis which 
kills all the animals and that which kills one. 
This represents one of the least variable instances 
we have in the general population. Particularly 
when we are dealing with patients with disease, 
the variability is very much greater and, as Dr. 
Clark pointed out, under these circumstances it 
is to be expected that an occasional person 
can be expected to vary widely from the average 
and may respond with an unexpected reaction. 
Thus an unexpected response, described as an 
idiosyncrasy, might well be a normal response 
to the action of that drug in a particularly sus- 
ceptible patient. This might be true even if it 
happened only once in 10,000 times. 

There is another type of side action which dif- 
fers qualitatively from those of the usual phar- 
macologic actions of the drug and which is 
peculiar to the individual; a reaction which may 
more properly be termed an idiosyncrasy, since 
it is a type of reaction not shared by the popula- 
tion as a whole. In general these qualitative ab- 
normalities in response form the group which we 
speak of as allergic reactions. They include such 
effects as urticaria, hay fever, possibly leuko- 
penia and some of the other blood dyscrasias. 
Why certain persons should respond in this way 
and others not is of course something we would 
like to know. It is said that approximately 10 per 
cent of the population is subject to reactions 
from environmental factors such as food, in- 
halants and other materials, but we cannot say 
why. 

The evidence relating to the type of compound 
which may cause allergic reactions is in an 
equally unsatisfactory state. We know that such 
drugs as acetylsalicylic acid, thiouracil, the 
organic arsenicals and sulfonamides, to mention 
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a few, are much more likely to offend than cer- 
tain others such as alcohol and digitalis. Phar- 
macology provides but few grounds for predict- 
ing the probability of development of an allergy 
to a compound, although it occurs more fre- 
quently with certain types of compounds than 
with others. 

A minor change in the chemical structure 
often results in a compound which produces a 
much lower incidence of allergic reactions. There 
are, of course, many groups of drugs in which 
little is known of the relationship between the 
action of the drug and its chemical structure. 

It seems probable that a number of reactions 
may depend upon effects which are basically 
allergic or non-allergic in character, and the 
question arises how these may be distinguished. 
The following criteria have been suggested by 
Dragstedt: First, the type of reaction. If the 
pattern is consistent with known manifestations 
of allergic agents, such an urticaria, dermatitis, 
angioneurotic edema, asthma or fever, then it is 
more likely to have an allergic basis. Other 
responses to drugs, such as jaundice, liver atro- 
phy, optic atrophy, and the like, are probably 
not often allergic. Certain others, including 
granulocytopenia, anemia and thrombocyto- 
penia, may be of either type, that is, due either 
to a direct action of the drug or to an acquired 
type of allergic response. 

The second point Dragstedt makes is the 
dependence on sensitization. The reaction occurs 
only after a second or prolonged course of 
therapy, that is, it takes time to develop. If the 
reaction no longer occurs when the dose is 
moderately reduced, it is probably not allergic. 
An individual who is sensitized to a drug com- 
monly responds to a dose which is minute in 
terms of the therapeutic dose. 

The third characteristic of an allergic reaction 
is the relief that is obtained by antiallergic 
agents. If the symptoms are relieved by known 
antihistaminic compounds, including epineph- 
rine, then the reaction is probably due to an 
allergy. The subject requires more study, and at 
present we are often unable to say in which 
category the reaction falls. 

I will leave off here and hope that some other 
points may be brought out in the discussion. 

Dr. Gop: Thank you, Dr. Cattell. Dr. Barr, 
could we have some comments from you? 

Dr. Davi P. Barr: Dr. Gold, I was attracted 
by the title of our conference today because of 
my interest in mishaps and catastrophies from 
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the clinical use of diagnostic and therapeutic 
agents. In the aggregate, the dangers and dam- 
age are appallingly great. 

During the past year we have recorded all 
instances of major toxicity and accidents that 
have occurred in our wards. Some developed 
before the patient entered the hospital; others 
after the patient’s admission. Some resulted 
from the use of accepted dosage of drugs in 
unusually susceptible patients. In the group of 
accidents, we saw infections introduced by 
puncture with a needle or by procedures em- 
ployed in diagnostic investigation of the urinary 
tract. We encountered many allergic reactions. 
We observed damage that resulted from chang- 
ing the internal environment of the body, 
an example being disturbance of homeostatic 
mechanisms by combinations of diuretic agents 
such as diamox,® mercurials and ammonium 
chloride with a salt-poor diet in the treatment 
of heart failure. This developed in association 
with the use of digitalis or without it. We found 
that alterations in the internal environment 
might produce toxic reactions to digitalis with 
doses usually regarded as safe and therapeutic. 

The danger from use of diagnostic and thera- 
peutic agents arose not so much from the risk 
involved in each agent, but from the multiplicity 
of measures that were used. We now have so 
many remedies that may be helpful—a possible 
remedy for each symptom—and the sum of 
symptoms is often great in the individual pa- 
tient. In one patient, during a sojourn of four 
weeks in the ward, as many as twenty-eight 
drugs and thirty-five diagnostic tests were used. 
From the point of view of danger, this treatment 
may be regarded as involving sixty-three possi- 
ble insults. 

From our survey, we have arrived at certain 
generalizations. One is that in any medical 
ward at New York Hospital iatrogenic disease 
constitutes one of the most frequent diagnoses. 
Another is that no diagnostic or therapeutic 
measure is without its own particular danger. 
For each, the risk may be small but the sum 
total of small risks may be large. When we look 
over the list of possible untoward effects we may 
be surprised that man-made disease is not even 
more frequent or that any patient escapes from 
our wards without some damage. 

In the review of our cases we noted that the 
great majority uf accidents occurred with proper 
use of drugs, and when the calculated risks 
justified usage. In other instances, unfortunately 


we were forced to admit that the agent or pro- 
cedure was used unnecessarily. A dreadful ex- 
ample was a fatal accident following the use of 
decholin® as a measure of circulation time. The 
drug was introduced intravenously in the usual 
way in the study of a girl who had a history of 
asthma. The physician who ordered it gave it 
because he wanted to be complete and thorough 
in his examination. There was actually no other 
assignable reason for measurement of circulation 
time. Ten minutes after the decholin was intro- 
duced the girl was dead from anaphylactic 
shock. 

I published recently a short article on this sub- 
ject. I hoped then, as I do today, that my 
emphasis on danger would not be misinterpreted. 
I have not become a diagnostic or therapeutic 
nihilist and I thoroughly believe in the great 
value of modern therapy and the brave use of 
diagnostic measures. Nevertheless, I am more 
and more convinced that lack of discrimination 
in trying to be thorough constitutes a frightful 
danger. Every agent used in the care of patients 
should be submitted to rigid scrutiny. First, to 
determine whether or not its use is strictly 
necessary, and second, to ascertain whether or 
not the risk of using it is justified by the possible 
benefit. 

Dr. Gotp: Thank you very much, Dr. Barr. 
That was a statement that needed to be made. 
We do not get any such impression from the 
circulars that come in the mail every morning. 

Dr. CaTTELL: May I call attention to Dr. 
Barr’s paper which was published in the Decem- 
ber 10 issue of the Journal of the American Medical 
Association? There you will find a searching 
analysis of this problem. I believe that in the 
sample population studied you came out with a 
figure of a 5 per cent incidence of man-made 
illness. 

Dr. Barr: That is correct. Analysis for a 
second year corresponded closely to the pub- 
lished results. In the estimate of 5 per cent, we 
did not include a case of cinchophen poisoning 
that came to us from a misguided practitioner 
who destroyed his patient’s liver by the unneces- 
sary and unjustifiable use of that drug. We 
included no example of nostrum administration 
or the use of drugs that were not recognized. We 
tried to make each example represent, as far as 
possible, the conscientious efforts of a good phy- 
sician to aid his patient. 

Dr. Gorp: The actual incidence of these 
accidents, then, is really higher than appears 
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from your study, and further emphasizes its 
importance. 

Dr. Cattell mentioned the fact that Dr. Gad- 
dum of Edinburgh is here. We might be privi- 
leged perhaps to have a few words from Dr. 
Gaddum. 

Dr. J. M. Gappum: Dr. Cattell seemed to 
expect me to say something about these dosage- 
response curves and if you like I will, but I do 
not know whether or not anyone else will be in- 
terested to hear me. These curves are useful 
because they tell all you really want to know 
about the variation of people, the probability 
of obtaining a particular effect from a given 
dose. The curves are easy to determine. All that 
is required in order to get not only the position of 
the middle of the curve but also its width is to 
try two different doses and measure the percent- 
age of positive effects with each dose. The results 
are plotted on logarithmic probability paper and 
the curve tells how much the subjects varied. 
It is so easy to do that I believe it ought to be 
done more often. I cannot guarantee that the 
curve will always be the right shape exactly, but 
it nearly always is. It is thus very easy to measure 
the variability of the population. 

If there were more data in the literature con- 
cerning the slopes of the curves from the results 
plotted that way, it would interest me and should 
be of interest to other people. I think this varia- 
bility is an important factor because the safety 
of using a drug depends on its magnitude. We do 
not know nearly as much as we should about the 
relation between the structure of a drug and the 
variability of the response. 

Dr. Gotp: Thank you. The subject is now 
open for general discussion. Are there any ques- 
tions anyone would like to put to Dr. Cattell? 

Dr. JANET TRAVELL: We have not heard any- 
thing about the influence of psychologic factors 
on pharmacologic effects, the negative and posi- 
tive placebo reactions. We had a patient last 
week on whom we wished to start a controlled 
study. We gave the patient some vials of sterile 
saline, marked ‘“‘New drug for investigational 
use,’ and after the first dose the patient was 
brought to the emergency ward of the hospital 
almost in a state of collapse, with acute anxiety 
over the effects of the new drug. I would like to 
hear Dr. Gold’s comments on this situation. 

Dr. Gop: I would like to turn that question 
over to Dr. Modell. 

Dr. WALTER MopELL: A paper or two has 
been published by Stewart Wolf citing a long 


jury,. 1957 


list of so-called toxic reactions from dummies, as 
Dr. Gaddum would like to call them. I think it is 
an important point to be considered in evaluat- 
ing drugs. 

Dr. Gappvum: An extremely interesting paper 
was published in which all the patients who 
responded to dummies were excluded and then 
the results obtained on the other patients really 
meant something, whereas when all the results 
were put together they had no statistical 
significance. 

Dr. Gop: Have you encountered toxic reac- 
tions with dummies? 

Dr. Gappum: Not in my own work but I 
have come across it in the literature frequently. 

Dr. Gop: I think I mentioned at one of the 
previous conferences that we once encountered a 
fairly advanced grade of addiction to a placebo. 

Dr. Gappum: May I say a few words on the 
use of the word “‘placebo?” I think the placebo 
is something to give in the therapy of the patient, 
but when dummies are given it does not give 
pleasure. If we call it a dummy when it has the 
effect of improving the patient, it thereby loses 
some of its effectiveness as a control because it is 
acting as a placebo. I think perhaps I am making 
a fuss about a small point which is not very 
important, but I like to distinguish between 
dummies which are used for scientific purposes 
and the placebo used with the intention of pro- 
ducing psychologic effects. 

Dr. Go.p: I was wondering how sharp such a 
distinction could really be, because whenever a 
patient is given medicine it can have only one of 
three results: either it does nothing, makes him 
worse or makes him better. What it does de- 
pends, not entirely upon what the doctor wants 
to do about it, but how the patient reacts. So I 
was wondering how useful is this placebo- 
dummy separation. 

Dr. Gappvum: If you try to exclude the thera- 
peutic suggestion, it is a dummy. If you use it 
for the purpose of impressing the patient with the 
fact that he is going to get better, it is a placebo. 
Perhaps it is a matter of words. 

Dr. Sotomon Gars: I wonder if the figures 
which Dr. Barr gave us referred only to the toxic 
reactions which occurred in the hospital or did 
they also include any delayed events that may 
have occurred after the patient went home from 
the hospital? 

Dr. Barr: Everything described in our publi- 
cation occurred while the patient was under 
observation in the hospital although, as already 
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mentioned, many of the toxic reactions had 
begun before the patient was admitted to the 
ward. 

Dr. Gare: As I recall, in your address that 
was published in the Journal of the American 
Medical Association you suggested the possibility 
that there are some diseases which we have 
looked upon as naturally occurring which may in 
effect be iatrogenic, but we have not recognized 
them as such. Would that then increase the 
probable actual incidence of toxic reactions? 

Dr. Barr: I think so. That is an interesting 
speculation. With apresoline,® for instance, it is 
quite possible to produce a syndrome that is 
almost indistinguishable from lupus. It happens 
to be temporary, but it has the same systemic 
manifestations, joint afflictions, depression of the 
white blood cell count, fever, and even lupus 
cells. Through the work of Rich it appears that 
sulfonamides or foreign serum may produce an 
effect closely resembling periarteritis or poly- 
arteritis nodosa. Also it seems to me interesting 
that one can with some of the newer tran- 
quilizing drugs produce a syndrome which is 
sometimes quite similar to paralysis agitans. 
One thinks also of the action of lysergic acid in 
causing effects not unlike the symptoms of 
dementia praecox. Some drugs produce a single 
recognizable reaction, others several toxic mani- 
festations. It is possible that a few produce 
complete syndromes of diseases. 

Dr. Gotp: Dr. Cattell, in regard to terms, am 
I correct in understanding that you were trying 
to distinguish hypersensitivity from allergy or 
idiosyncrasy; that is, the label, hypersensitivity, 
is used to describe the individual’s variation 
within the framework of the basic action of the 
drug, and that idiosyncrasy or allergy refers to a 
reaction which lies outside of that? 

Dr. CAaTTELL: Yes, qualitatively different 
and not shared by the general population. 

Dr. Gotp: I want to be sure you intended to 
make that distinction, that it is correct. 

Dr. CATTELL: Yes. 

Dr. Mary Love ess: That would be confus- 
ing in relation to the terminology used by the 
allergists. I would rather use hyper-responsive- 
ness for an increased or exaggerated pharma- 
cologic effect and call hypersensitivity an allergy, 
something qualitatively different. 

Dr. CatTreti: I agree with Dr. Loveless. 
Since the term “hypersensitivity”’ has a special 
connotation in relation to reactions to pollens 
and the like, it seems to be preferable not to use it. 
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Dr. Hyper-responsiveness? 

Dr. CaTre._: Not necessarily. We are con- 
cerned with the end of a scale indicating a rela- 
tively high susceptibility of a population to a 
drug. These are persons who are more sensitive 
than the average to a drug. Perhaps low thresh- 
old would be an appropriate term. 

Dr. Gotp: I was struck by the example Dr. 
Cattell used in regard to the range of variation, 
that of digitalis. As Dr. Cattell pointed out, with 
this drug the most susceptible animal of a group 
requires about a fourth of what the most tolerant 
requires to produce the same effect, a difference 
of about 400 per cent. As drugs go, this is a 
relatively small variation. As an example, con- 
sider epinephrine. A half-milligram of epineph- 
rine injected subcutaneously in some persons 
will cause palpitation and a good deal of nervous 
disturbance, will it not Dr. Loveless? 

Dr. Love ess: Yes. 

Dr. Gop: A few weeks ago I saw a patient in 
complete heart block with Adams-Stokes at- 
tack who was given 10 mg. of epinephrine in ten 
hours by intramusclar injection to keep his 
ventricles going. There was not the slightest indi- 
cation that he was disturbed by the action of 
epinephrine. Have you any explanation of that, 
Dr. Loveless? 

Dr. Lovecess: They might have picked up a 
placebo. 

Dr. Go tp: It was a fresh bottle of epinephrine. 

Dr. GArs: Are the newer drugs implicated to 
a large extent in these toxic reactions or is it 
simply a case of our becoming more aware of the 
toxic reactions which occur just as frequently 
with the older drugs? 

Dr. Goitp: What do you think about that, 
Dr. Barr? 

Dr. Barr: In our wards, digitalis preparations 
were the most frequent cause of toxic reactions. 
We were responsible for only a small part of these 
accidents. Most of them had developed before 
the patient entered the hospital. Our own trou- 
bles usually arose when digitalis was used with 
diuretics and other treatment that disturbed 
homeostasis. 

Dr. RinZzLER: For my own future 
comfort, I wonder if Dr. Barr would tell us 
whether or not some of these reactions could 
have been prevented with a more searching 
history. Take the girl with asthma, for example; 
if somebody had known about that, could the 
untoward reaction have been prevented? 

Dr. Barr: I think we should be especially 
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careful with people who have a history of hyper- 
sensitivity. Reactions, however, are by no means 
confined to this group and we could not elimi- 
nate all risks by even the most searching history. 

Dr. CatrTeE.t: I would like to add two exam- 
ples which I came across recently, illustrating 
the dangers of therapy. One relates to blood 
transfusions. In this clipping from the Journal 
of the American Medical Association it is stated that 
even in the best-run institutions it is estimated 
that the mortality rate from blood transfusions is 
approximately 1 in 1,000 to 3,000. In view of the 
fact that approximately 3.5 million transfu- 
sions are given annually in this country, the 
number of deaths would be about 1,700, making 
this cause of death as frequent as those resulting 
from appendicitis or anesthesia. 

The second is from the New York Times, 
which I presume is an accurate report. It re- 
lates to some work of Dr. Hinton, of the Depart- 
ment of Surgery at the New York University 
College of Medicine: “In a special series of 
212 deaths from the thirty leading medical 
centers, the researchers determined that one 
death from cardiac failure had occurred from 
each of 2,384 anesthetizations.” 

It may be questioned whether or not the risk 
is greater than that presented earlier in relation 
to some of the newer drugs but I think these 
examples certainly point up the danger of 
therapy under the special circumstances. 

Dr. MopeE.t: From time to time when we get 
into some difficulty with a drug it is suggested 
that we make a preliminary test either by giving 
a small dose first or sometimes a skin test. It is 
my impression that these preliminary efforts 
soon are forgotten. Is that because they have no 
value? 

Dr. Gop: I wonder if Dr. Loveless has any- 
thing to say about the prospect of getting into 
trouble with a drug by making some preliminary 
tests? 

Dr. Loveess: I assume we are concerned 
with drug reactions such as urticaria, asthma or 
shock. In those cases drugs such as penicillin 
give a small proportion of positive skin test 
reactions to intracutaneous scratch tests even 
when the person is known to be sensitive. I think 
it is only a few per cent. I do not think they are 
worth doing because when the result is negative 
it gives a false sense of security. It is much more 
important to get a thorough history before the 
person is tested with a drug, and if his history 
indicates that he is probably allergic the decision 
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whether or not to go ahead and make a test is 
made cautiously. The history is worth much 
more than any test, and in the case of drugs 
the test is often dangerous. 

Visiror: In connection with what Dr. Love- 
less and Dr. Cattell have said, there are two 
things that come to my mind. One is a recent 
report in the Annals of Allergy describing a sys- 
temic reaction with as little as three millionths 
of a unit of penicillin. The other reference is a 
survey made by Dr. Glaser in Rochester on 500 
children, 360 of whom, I believe, were allergic 
and 140 or so were non-allergic. Drug reactions 
in the history of those children were as follows: 
about 20 per cent in the allergic group and about 
2 per cent in the non-allergic group. So I agree 
with Dr. Loveless that skin tests for drug sensi- 
tivity are not very satisfactory and that the case 
history is an important consideration. Every new 
drug given to a person with an allergic history 
should be introduced with great caution. 

Dr. CatTTeELt: I would like to ask Dr. de Gara 
in that connection whether or not the observa- 
tion of Rich has useful applications. I refer to his 
work with the sulfonamides in which he found 
that while he could not get a positive skin test to 
a sulfonamide to which the patient was sensitive, 
by combining it with globulin a material was 
formed to which the skin test did become positive. 

Dr. Pau F. pe Gara: I do not think any 
more has been done about that. In isolated in- 
stances it is possible to demonstrate sensitivity 
by passive transfer. Dr. Whitmore and I had a 
patient several years ago in whom we were able 
to demonstrate sensitivity to sulfadiazine by a 
positive reaction to this procedure. However, this 
happens only rarely even in patients known to be 
sensitive to the drug. 

Dr. Gop: Dr. Riker. 

Dr. WALTER F. RIKER, JR.: This is outside my 
field, but I was wondering with regard to the 
hyper-responsive people whether or not we are 
talking about a special category or are recogniz- 
ing the fact that the population is not really 
homogeneous. In other words, if we were able to 
centrifuge these people to their proper layer and 
then study them, would we not then be able to 
construct a distribution curve? 

Dr. CaTTeLL: You are suggesting that what 
we speak of as an allergic reaction might repre- 
sent a degree of sensitivity greater than usual, 
but an effect which could be elicited from all 
members of the population? 

Dr. Riker: That is right. 
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Dr. Gotp: That the difference between those 
two labels is not qualitative but quantitative? 

Dr. CaTTELL: One answer to Dr. Riker’s point 
is that, in general, we do not recognize the 
graded response to dosage in these allergic re- 
actions. An extremely large dose may produce 
the same effect as a small one. The dangers of the 
intracutaneous skin test have been emphasized. 

Dr. Love ess: I take issue with that. If one 
quantitates a patient’s reactivity and tests the 
threshold of response to drugs applied to the 
skin or eye, or even injected into the blood 
stream, there is a wide range of susceptibility in 
an allergic population. Although the dose is 
small, the range is wide. So there again I am sure 
the distribution curve is similar, but very far 
down in the dosage scale. 

Dr. Riker: That is exactly my point. 

Dr. CaTrTeELt: It is a different relationship 
because an effect is obtained from a fraction of 
the therapeutic dose, that required to produce a 
pharmacologic effect. In the case of some drugs 
such as penicillin even a large dose may not kill 
the patient. So that certainly there is a dis- 
continuity in dose between the two categories of 
response. 

Dr. Riker: True, I mean to dissociate the two 
categories, not to relate them. 

Dr. Love tess: The difference in the level of 
susceptibility between the normal therapeutic 
range and the allergic range is great. However, 
if we measure the small doses causing allergic 
reactions there also is a wide range of effect. 

Dr. CatTre.i: Thank you, I accept your cor- 
rection. 

Dr. Love ess: I think of an example of a 
patient who was so allergic to two-tenths of a 
unit of insulin that a rash developed followed by 
shock and unconsciousness. That is far from the 
therapeutic dose but I think we could give her a 
smaller dose without getting any reaction. 

Dr. CaTTe._: Obviously there must be some 
dose too small to give a reaction. But here we are 
dealing with a response which bears no relation 
to the usual therapeutic action of the drug. It is 
qualitatively different and is not part of the dose- 
response curve representing the pharmacologic 
action of insulin. To make the distinction clearer 
we might consider the dose of an inert protein 
which in the normal person has no pharma- 
cologic effect even with large doses but in the 
sensitized person results in a violent reaction. 

Dr. Gop: There comes to my mind the exam- 
ple of an allergic reaction to mercuhydrin® by 


intramuscular injection. The patient received 
2 cc. and a chill, mouth rash, and temperature 
to 103°Fr. developed. The injection was repeated 
several times before someone caught on to the 
fact that the person was reacting strangely to the 
drug. I think it was found that he reacted to a 
tenth and five-hundredths of a cc. of the prepara- 
tion. This, I think, is an allergic reaction, be- 
cause most people would not respond that way to 
any dosage. 

Visitor: I would like to mention a case which 
illustrates the fact that even a good history is not 
dependable. After the fourth pregnancy a 
woman was given pituitrin® She reacted 
severely with angioneurotic edema and swelling 
of the tongue and almost died. Here is a case 
where pituitrin used in successive pregnancies 
elicited no untoward reaction and in the fifth 
pregnancy the patient nearly died. There was no 
history of allergy in this case. 

Dr. Gop: You will not discover all of them. 

Dr. TRAVELL: I would like to come back to 
Dr. Riker’s question and raise the problem of the 
variations in the reactions of different people to 
morphine. In some women the reaction is 
excitatory rather than narcotic. That is the 
usual predictable action of morphine in the cat, 
whereas sedation is the usual effect in the dog. 
In the human population, in those few people 
who become almost maniacal with therapeutic 
doses of morphine, are we dealing with idio- 
syncrasies or with manifestation of the basic 
pharmacologic action which is manifested by a 
small part of the population? 

Dr. Riker: Just because all members of the 
group are of the same species, homo sapiens, does 
not assure biochemical homogeneity. 

Dr. CaTTELL: Because the manifestations 
correspond to the known pharmacologic actions 
of morphine, it may safely be assumed that the 
few cases in which this occurs represent the 
more susceptible persons encompassed within the 
normal range of variation. 

Dr. Gotp: I am afraid our time is up. 


SUMMARY 


Dr. Sotomon Gars: The importance of 
individual variation in response to a drug was 
discussed and illustrated. When an average or 
mean dose of a drug is administered, a certain 
percentage of patients will show less than aver- 
age response, others will show greater than aver- 
age response, and in some toxicity will develop. 
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The extent of individual variation is not fully 
appreciated. In the cat assay of digitalis, one of 
the best standardized and least variable re- 
sponses to drugs, the difference in dosage be- 
tween the most and the least sensitive animals is 
about 400 per cent. With other drugs the range 
may be even greater. 

Some discussion developed over the separation 
of predictable toxic reactions based on the usual 
pharmacologic action of a drug from the allergic 
tvpe of reaction. The gaps in our understanding 
of these phenomena were brought out. The 
possibility was raised that these seemingly 
dissimilar reactions may result from the fact 
that the population is not homogeneous. 

The clinical importance of toxic reactions to 
drugs was discussed and it was pointed out that 
they constitute a leading cause of illness at the 
present time. Much of the danger comes, not 
from any particular drug or procedure, but from 
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the multiplicity of therapeutic and diagnostic 
agents used in misguided attempts at thorough- 
ness. The point was forcefully made that no 
therapeutic or diagnostic procedure is without 
risk. Tragic accidents have followed the use of a 
drug or procedure which the patient did not 
need in the first place. The physician should con- 
sider such risks carefully and refrain from actions 
not clearly necessary. 

Some drugs may cause delayed toxic reactions 
which are not recognized as drug reactions, since 
they mimic or may even be identical with dis- 
eases previously thought to be non-iatrogenic. 
There was general agreement that the incidence 
of serious reactions to therapeutic and diagnostic 
procedures is alarmingly high and that pub- 
lished figures are probably lower than the actual 
incidence. This emphasizes the importance of 
the ancient medical precept: “‘Above all, do no 
harm.” 
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Disproportionate Dyspnea in Recurrent 
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reports, edited by Lillian Recant, m.p. and W. Stanley Hartroft, m.p. 
of weekly clinico-pathologic conferences held in the Barnes and Wohl Hospitals 
are published in each issue of the Journal. These conferences are participated in jointly 
by members of the Departments of Internal Medicine, Preventive Medicine and Pathology 
of the Washington University School of Medicine and by Junior and Senior medical 


students. 


His white housewife, fifty-five years of age, 

was admitted to the Barnes Hospital for 
the third time on November 28, 1956. She died 
on December 7, 1956. Her chief complaint was 
heart trouble of about twenty years’ duration. 
The patient’s first admission to the hospital was 
from August 1, 1954 to August 17, 1954. During 
childhood she had frequent sore throats which 
were often associated with cervical lymphad- 
enopathy, epistaxis and abdominal pain. She 
vaguely remembered having a bout of rheuma- 
tism when she was fourteen or fifteen years old. 
In 1927, she went through a normal pregnancy 
without difficulty. However, during her second 
and last pregnancy in 1932 dyspnea developed 
on exertion, and she noted orthopnea and swell- 
ing of her ankles. At that time she was told that 
her heart was enlarged. Following delivery her 
symptoms gradually subsided. At various times 
thereafter she was told by physicians that she 
had rheumatic heart disease. In 1953, a physi- 
cian prescribed a regimen of digitalis for 
auricular fibrillation. She then did well until five 
months before her first admission when right- 
sided pleuritic pain, hemoptysis and fever with a 
temperature of an unknown degree developed. 
She was hospitalized for seven weeks in an 
osteopathic hospital with the diagnosis of pneu- 
monia. She was told that she did not tolerate 
digitalis. On therapy with antibiotics and bed 
rest she lost 20 pounds. Following discharge her 
course was progressively downhill with increas- 
ing dyspnea on exertion, orthopnea and bouts of 
nocturnal dyspnea. She was also bothered by 
persistent soreness in the lower right side of the 
chest and in the upper right side of the abdomen. 
She had been confined to bed for the two weeks 
preceding this admission. 


The patient’s mother had died at the age of 
thirty of an unknown type of heart disease. 
Otherwise, the family history was non-contribu- 
tory. Aside from the present illness, the patient 
had no complaints. 

Physical examination revealed the following: 
The temperature was 37°c.; pulse, 128; respira- 
tions, 28; blood pressure, 120/80 mm. Hg. The 
patient appeared chronically ill and moderately 
dyspneic. There was no cyanosis. The eyes, ears, 
nose and throat were normal without evidence of 
infection. The teeth were carious. There was 
no lymphadenopathy and the thyroid was not 
enlarged. There was a slight increase in the 
anteroposterior diameter of the chest. There was 
impaired motion of the lower right side of the 
chest and the right side of the diaphragm. Rales 
were heard at both lung bases. The cardiac 
rhythm was totally irregular. The point of maxi- 
mal impulse was diffuse in the 5th and 6th 
intercostal space in the anterior axillary line. The 
pulmonic second sound was accentuated. There 
was a loud, rough, systolic murmur in the apex 
which was transmitted to the axilla and a second 
rough, systolic murmur was heard at the aortic 
area. After the cardiac rate had slowed, three 
separate diastolic murmurs were heard, at the 
aortic and tricuspid areas and at the apex. 
The liver was firm and descended 4 finger- 
breadths below the right costal margin. It did 
not pulsate. There was no peripheral edema. 
Two observers suggested clubbing of the fingers. 

Laboratory data revealed the following: The 
hemoglobin was 12.6 gm./100 ml. The white 
blood cell count was 4,050 per cu. mm. with the 
following differential: eosinophils, 1 per cent; 
polymorphonuclear leucocytes, 81 per cent; 
lymphocytes, 17 per cent; monocytes 1 per cent. 
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The urine specific gravity was 1.005 and the pH 
was 7.5; there was no albumin or sugar; a rare 
red blood cell, 8 to 10 white blood cells, and an 
occasional finely granular cast were seen in the 
centrifuged urine sediment. The cardiolipin 
reaction was negative. Blood chemical deter- 
minations were as follows: non-protein nitrogen, 
15 mg./100 ml.; fasting blood sugar, 76 mg./ 
100 ml.; cephalin cholesterol flocculation test, 
3 plus; thymol turbidity, 19.3 units; direct acting 
bilirubin, 1.6 mg./100 ml.; total bilirubin, 1.6 
mg./100 ml.; alkaline phosphatase, 3.3 Bodan- 
sky units; total serum protein, 7.5 gm./100 ml., 
with albumin 3.9 and globulin 3.6; sodium, 
144 mEq./L.; potassium, 3.4 mEq./L.; carbon 
dioxide, 22.5 mEq./L.; chloride, 108 mEq./L. 
The prothrombin concentration was 36 per cent 
of normal. The antistreptolysin 0 titer was 
greater than 500 units. The packed cell volume 
was 44 per cent and the actual sedimentation 
index 31 mm. per hour. The electrocardiogram 
was read as follows: ‘‘Auricular flutter with vari- 
able block occasionally passing into transient 
auricular fibrillation. Small notched ‘‘r’’ waves 
in V,; and V; R with marked clockwise rotation 
suggestive but not diagnostic of right ventricu- 
lar enlargement.”’ Frequent ventricular prema- 
ture contractions and digitalis effect were noted. 
Roentgenographic examination of the chest was 
interpreted as showing marked cardiac enlarge- 
ment with left auricular enlargement and a right 
pleural effusion. Culture of the throat grew 
neisseria, alpha streptococcus, and Micrococcus 
albus. Venous pressure was 90 mm. of saline 
rising to 120 mm. with pressure over the liver. 
Arm to tongue circulation time was 20 seconds 
with decholin.® 

The patient was maintained on modified bed 
rest. She received digitalis and was fed on a low 
salt diet. Her weight dropped 10 pounds with 
associated clinical improvement. Roentgeno- 
graphic examination revealed a decrease in the 
cardiac size and in the right pleural effusion. 
On the third hospital day, red blood cells ap- 
peared in the urine. On the eleventh hospital 
day, gross hematuria developed associated with 
frequency and burning. Culture of the urine 
grew sixteen colonies of non-hemolytic M. 
albus and a few colonies of coliform bacilli. 
Penicillin, streptomycin, and later mandel- 
amine® were administered. Findings at cystos- 
copy on the fourteenth hospital day were in- 
terpreted as subsiding hemorrhagic cystitis. At 
the time of discharge from the hospital, the 
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cephalin cholesterol flocculation test was nega- 
tive and the thymol turbidity was 7.0 units. 

The patient was admitted for the second time 
on September 21, 1954. She was discharged on 
October 1, 1954. The patient had felt quite well 
on very limited activity, low salt diet, and main- 
tenance digitalis. Three weeks before this admis- 
sion her private physician had found pus cells in 
her urine. Because of this finding she had been 
given pills. She entered the hospital for extrac- 
tion of her remaining carious teeth. 

Physical examination revealed the following: 
The temperature was 37°c.; pulse, 90; respira- 
tion, 18; blood pressure, 170/75 mm. Hg. The 
patient was in no distress. The lungs were clear. 
A precordial heave was noted. The point of 
maximal impulse was 8 to 9 cm. from the mid- 
sternal line in the 5th and 6th intercostal space. 
Apical murmurs were described as well as a 
grade 2, harsh systolic murmur and a grade 2, 
soft mid-diastolic murmur at the aortic area. 
Resistance was felt 4 cm. below the right costal 
margin, but the liver edge was not palpable. The 
remainder of the physical examination was 
unchanged from the preceding admission. 

Laboratory data revealed that the blood 
counts taken on admission and urinalysis were 
not significantly changed from those of the 
previous admission. No pus cells were seen in the 
urine. Blood chemical determinations included: 
total serum protein, 8.2 gm./100 ml.; with 
albumin, 4.1 and globulin, 4.1. Cephalin- 
cholesterol flocculation was + —, thymol turbid- 
ity, 10.5 units; total bilirubin was less than 0.8 
mg./100 ml. The antistreptolysin 0 titer was 400 
units. Culture of the throat did not grow any 
beta hemolytic streptococci. Electrocardiogram 
showed no essential change. 

The patient’s general condition remained 
unchanged. Intramuscular penicillin was ad- 
ministered prophylactically throughout her 
hospital stay. Her remaining teeth were ex- 
tracted under local anesthesia without difficulty. 
The highest recorded blood pressure during this 
admission was 170/100 mm. Hg. 

The patient was admitted to the hospital for 
the third time on November 28, 1956. She was 
discharged on December 7, 1956. Following the 
preceding admission, the patient had continued 
to take digitalis and to restrict her salt intake. 
She had been taking serpasil® for mild blood 
pressure elevation. Her activities had been con- 


siderably restricted; she did little walking and 


did not go up or down stairs. She had slight 
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shortness of breath and slept on one or two pil- 
lows. There was no nocturnal dyspnea or periph- 
eral edema. She had a slight hacking cough. 
Four weeks before admission the patient noticed 
weakness associated with loss of appetite. Dysp- 
nea increased considerably but there was little 
coughing and no known fever. For one or two 
weeks before admission she had noted an aching 
in the right flank and right upper quadrant 
coming on with getting up and not increased by 
respiration. 

On physical examination her temperature 
was 36°%c., pulse, 100 (apical) 82 (radial); 
respirations, 22; blood pressure, 110/60 mm. Hg. 
The patient did not appear acutely ill. One ob- 
server believed she was slightly cyanotic. A few 
petechiae were seen over the shoulder region. 
The eyes were normal. Fundi were normal. 
There was no evidence of infection in the ears, 
nose or throat. There was cervical erosion at os 
cervici without bleeding. The chest was clear to 
percussion. Rales were present in both lung 
bases. Aortic systolic and diastolic murmurs and 
an apical systolic murmur were present. No 
apical diastolic murmur was heard. The liver 
was palpable 5 to 6 cm. below the right costal 
margin. The remainder of the physical examina- 
tion was essentially the same as before. 

Laboratory data revealed the following: 
Hemoglobin was 15.9 gm./100 ml., and the 
white blood count was 9,650 per cu. mm. with 
the following differential: basophils, 1 per cent; 
polymorphonuclear leucocytes, 74 per cent; 
lymphocytes, 21 per cent; monocytes, 4 per cent. 
The red blood cells and platelets appeared 
normal on stained film of the blood. Urine 
specific gravity was 1.012 and the pH was 4.5; 
there was 2 plus albuminuria and no glycosuria; 
microscopic examination on the centrifuged 
sediment disclosed occasional white blood cells 
and occasional epithelial cells. Blood chemical 
determinations were as follows: non-protein 
nitrogen, 30 mg./100 ml.; fasting blood sugar, 
104 mg./100 ml.; total bilirubin, 1.8 mg./100 
ml. with direct reacting bilirubin, 0.2 mg. 
100 ml. and indirect reacting bilirubin, 1.6 
mg./100 ml.; alkaline phosphatase, 6.6 Bodan- 
sky units; total serum protein, 8.5 gm./100 ml., 
with albumin, 4.5 gm./100 ml., and globulin, 
4.0 gm./100 ml.; cephalin cholesterol floccula- 
tion, 2 plus; thymol turbidity, 7.3 units. The 
antistreptolysin 0 titer was 316 units and the 
C-reactive protein was 2 plus. The packed cell 
volume was 55 per cent and the actual sedimen- 


tation index 0 mm. per hour. Electrocardiogram 
was interpreted as follows: “‘although the record 
shows the conventional pattern of incomplete 
right bundle branch block, it probably represents 
right ventricular enlargement which can pro- 
duce this same pattern.’’ Auricular fibrillation 
was also noted on the tracing. Venous pressure 
was 240 mm. of saline. Arm to tongue circula- 
tion time was 60 seconds. 

The patient was maintained on bed rest. She 
was given a 500 mg. salt diet and phenobarbital 
for sedation. The usual maintenance dose of 
digitalis was doubled to 0.2 gm. per day in the 
hope of getting more therapeutic effect. Her 
cardiac rate continued to be fairly rapid with 
considerable variation. It was frequently be- 
tween 110 to 120, but on the fifth hospital day 
it was recorded as high as 160. She complained 
of feeling weak and miserable. She seemed 
anxious and depressed. The basilar rales per- 
sisted. Respiration was frequently labored. Blood 
pressure varied between 90/70 and 130/70 mm. 
Hg. She had no fever and no peripheral edema. 
Subacute bacterial endocarditis was considered 
as a possible cause of her downhill course. Three 
blood cultures obtained on the fourth and fifth 
hospital days were negative at the time of death. 
One repeat urinalysis disclosed no red blood cells 
and a trace of albumin. Another disclosed only a 
rare red blood cell and 2 plus albuminuria. On 
the sixth hospital day the serum electrolytes 
were: sodium, 128.6 mEq./L.; potassium, 5.3 
mEq./L.; carbon dioxide, 18.1 mEq./L.; chlo- 
ride, 95 mEq./L. The non-protein nitrogen was 
36 mg./100 ml. By the next day the non-protein 
nitrogen had reached 49 mEq./L. and the so- 
dium had fallen to 123.6 mEq./L. On the ninth 
hospital day the patient complained of epigastric 
pain and stated that she had felt similar pain off 
and on for three years. She was given gelusil® 
and probanthine.® Early on the tenth hospital 
day her course seemed to go rapidly downhill. 
Her respiration became more rapid and labored. 
Cyanosis was marked. Her blood pressure was 
unobtainable. Her heart rate remained slow, 
approximately 60. She became extremely cy- 
anotic and died several hours later. 


CLINICAL DISCUSSION 


Dr. Joun R. Smitu: In 1932, this woman, dur- 
ing her second pregnancy, was told that she had 
cardiac enlargement. Thereafter she was re- 
minded at various times by physicians that she 
had rheumatic heart disease. Not until three 
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years before her death did she begin to have 
significant difficulty. To those who observed this 
patient over a long period of time, there seemed 
to be justification for the diagnoses of rheumatic 
heart disease. In order to complete the clinical 
picture, I shall ask Dr. Humphrey to comment 
on the roentgenograms of the chest. 

Dr. Harvey A. Humpurey: The first and 
last time that we saw this patient was two years 
and four months before death. Two examina- 
tions of the chest were performed. The first 
on August 2, 1954, showed enlargement of the 
heart. There was a collection of fluid in the right 
pleural space. Triangular zones of increased 
density were present in the lower half of the 
right lung, predominantly in the right middle 
and lower lobes. The pulmonary vessels within 
the lungs appeared slightly enlarged and some- 
what indistinct in outline. The aorta was 
elongated and prominent for a person this age. 
The left bronchus appeared elevated and ab- 
normally horizontal in its course. This would 
suggest, in addition to the ventricular enlarge- 
ment, left auricular enlargement. There was a 
calcified primary complex in the left lung. On the 
oblique projection some displacement posteriorly 
of the barium-filled esophagus could be noted. 
There was right ventricle enlargement as well as 
left ventricular enlargement. There was also 
a density in the apex of the right lower lobe, 
which could be interpreted as pulmonary in- 
farction. The lateral projection indicated the 
abnormally increased A-P diameter of the heart 
and specifically the posterior displacement of the 
barium-filled esophagus. On the next examina- 
tion, nine days later, the heart remained essen- 
tially the same, in size and shape, but there was 
a decrease in the amount of pleural fluid and 
thickening and some resolution of the previously 
noted density in the right lower and middle 
lobes. The elongated aorta was again noted. The 
left lung was essentially clear. I believe that at 
that time there was reasonably good x-ray evi- 
dence of cardiac enlargement, moderately 
pronounced, left ventricular enlargement, right 
ventricular enlargement, lesser degrees of left 
auricular and right auricular enlargement. We 
suspect that there was aortic valve disease with 
predominantly aortic insufficiency; mitral valve 
insufficiency and a question of tricuspic insufh- 
ciency because of the enlargement of the right 
auricle and ventricle. Pulmonary vascular 
congestion probably associated with some pul- 
monary hypertension appeared probable inas- 
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much as the vessels appeared dilated. Pulmonary 
emboli, pulmonary infarcts in the right lower 
and middle lobes and a right pleural effusion 
were also present. 

Dr. SmirH: Thank you Dr. Humphrey. 
During the later years of her life, a number of 
disorders of rhythm, and eventually auricular 
fibrillation developed. I shall ask Dr. Andresen 
to review the essential features of the electro- 
cardiograms, and to comment on the ar- 
rhythmias which were noted. 

Dr. DonAaLp C. ANDRESEN: There were two 
electrocardiograms available for interpretation. 
The first was taken in August, 1954, during the 
patient’s first admission and the last in Decem- 
ber, 1956, during her third admission. On the 
first tracing the following abnormalities were 
noted: atrial flutter was present and was best 
demonstrated in V1 in which the symmetrical 
regular flutter waves were easily seen with 
irregularly interspersed ventricular complexes. 
An RR’ in V1 and V3R, plus moderate clock- 
wise rotation and a prominent R in AVR was 
also present. These changes were suggestive 
either of an incomplete right bundle branch 
block or possibly right ventricular enlargement, 
but their inconclusive nature made it difficult to 
state specifically which of these two was the most 
likely. Frequent ventricular premature con- 
tractions and digitalis effect were also present. 
On the second tracing, atrial flutter was re- 
placed by atrial fibrillation. This was again best 
seen in V1 in which the regular symmetric flutter 
waves were absent and were supplanted by small 
irregular waves of varying magnitude and dura- 
tion. The changes previously noted in regards 
to right ventricular enlargement or incomplete 
right bundle branch block were more pro- 
nounced. She had right axis deviation, as shown 
by the small R wave in standard lead 1 and the 
very prominent R wave in standard lead m1. 
There was also a more prominent R wave in 
AVR as well as in V1 and V3R. Similarly the 
clockwise rotation was again much more 
evident as shown by a deep S wave in V6. This 
record I think was more compatible with the 
diagnosis of right ventricle enlargement, and 
the diagnosis of incomplete right bundle branch 
block appeared less likely. There was no evidence 
of left ventricular enlargement. In summary, 
then, the first tracing showed atrial flutter 
with varying AV block, questionable incomplete 
right bundle branch block or right ventricle 
enlargement, digitalis effect and ventricular 
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premature contractions. The second electro- 
cardiogram demonstrated atrial fibrillation and 
was more suggestive of right ventricular enlarge- 
ment. Digitalis effect was still present. 

Dr. SmirH: Now, there are several ways in 
which this case may be analyzed. It might be 
well to return to the beginning of this patient’s 
disease. This probably occured when she was 
young and had one or more attacks of rheumatic 
fever. Since knowledge of streptococcal organ- 
isms is extremely important with respect to the 
prevention of this disease, I shall ask Dr. William 
Perry to comment on beta hemolytic strepto- 
cocci, their ubiquity, so to speak, and how people 
may become infected by these organisms. 

Dr. WituiAM D. Perry: In general, it may be 
said that clinical recognition of a beta hemolytic 
streptococcus infection often presents a great deal 
of difficulty. The picture can vary from the 
typical sore throat associated with inflammatory 
exudate, high fever and bilateral lymph node 
enlargement to a minor respiratory infection 
which cannot be distinguished from a cold. 
Many of you are aware that during epidemic 
times, in a double blind study, the diagnosis can 
be made only approximately 70 per cent of the 
time. As far as the spread of the streptococcus is 
concerned, as nearly as can be ascertained this 
must be from man to man and not from floor or 
bedclothing or other fomites to man. The agent 
currently recommended for the treatment of 
this infection is penicillin rather than any other 
agent. An effective form of penicillin therapy ap- 
pears to be the injection of one dose of 1,200,000 
units of bicillin.® The use of sulfonamide in 
treating streptococcus pharyngitis is not recom- 
mended because the incidence of rheumatic 
fever following the streptococcal infection is not 
prevented by this drug. On the other hand, with 
the eradication of the organism, by use of an 
antibiotic such as penicillin, the incidence of 
rheumatic fever is significantly decreased. 

Dr. Situ: This patient did not have the 
benefit of such measures; therefore, the rheu- 
matic fever presumably ran its course. It 
smouldered and produced chronic valvular heart 
disease. Those who observed this patient agreed 
that she had mitral stenosis, mitral insufficiency 
and aortic insufficiency. A harsh aortic systolic 
murmur was heard at times. However, this mur- 
mur was not accompanied by a thrill and the 
aortic second sound was not specifically de- 
scribed in the chart. You recall that the diagnosis 
of classic aortic stenosis can be made when there 


is a harsh aortic systolic murmur, accompanied 
by a systolic thrill and a diminished or absent 
aortic second sound. Some of those signs were 
lacking in this case. Dr. Parker, what are your 
ideas regarding the possibility of aortic stenosis 
here? When do you think this diagnosis is tenable 
in the absence of the “‘classical”’ physical signs? 

Dr. Brent M. Parker: One should think of 
the diagnosis of aortic stenosis whenever there 
is a significant systolic murmur at the aortic area. 
In recent years Kumpe and Bean* and White t 
have both emphasized that the usual accom- 
paniments of the lesion such as a diminished 
aortic second sound, plateau pulse, narrow pulse 
pressure and a systolic thrill at the aortic area 
may be entirely absent in cases which are proved 
at autopsy to be aortic stenosis. The only finding 
present, therefore, may be a loud systolic mur- 
mur at the aortic area. Thus, in this case, with 
this apparently significant murmur heard in the 
aortic area, I believe that aortic stenosis should 
be considered. It is worth noting that a second 
sound may be heard at the aortic area in some 
instances because of transmission of a loud 
pulmonic second sound. 

Dr. Smiru: In other words, this patient proba- 
bly had a developing, or partially developed, 
aortic stenosis. This patient also displayed a 
mitral systolic murmur which was rough and 
loud. The diastolic murmur, heard at the apex, 
was not nearly so conspicuous. Nevertheless, the 
diagnosis of mitral stenosis seemed to be justified. 
Dr. Diettert, will you sketch for us briefly the 
physiologic consequences of mitral stenosis, with 
particular reference to the pulmonary vascular 
system? This may be of importance as we go on 
with our deliberation. 

Dr. GERALD Diettert: It has been shown in 
animal experiments that narrowing of the mitral 
orifice produces a temporary decrease in the left 
ventricular inflow and stroke output, but this is 
quickly compensated for by an increased diastolic 
volume and pressure in the left atrium. Further, 
in late diastole the increased diastolic volume 
leads to a more forceful atrial contraction and a 
greater discharge of blood. Similar effects occur 
in mitral stenosis. The ability of the left atrium 
to compensate completely is limited because of a 
relatively weak muscular chamber frequently in- 


*Kumpe, C. W. and Bean, W. B. Aortic stenosis: a 
study of the clinical and pathologic aspects of 107 proved 
cases. Medicine, 27: 139, 1948. 

t Wurre, P. D. Heart Disease, 4th Ed., P. 689. New 
York, 1951. Macmillan. 
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volved by rheumatic fever and because of the 
frequent presence of auricular fibrillation. Be- 
cause of the absence of valves between the left 
atrium and the pulmonary vein, the increased 
left auricular pressure is transmitted via the pul- 
-nonary veins to the pulmonary capillary bed, 
resulting in pulmonary congestion. Many clini- 
cal features of mitral stenosis are the result of the 
increased pulmonary blood volume and en- 
gorgement of the lungs. Among the resulting 
physiologic disturbances are loss of elasticity, 
reduction in the vital capacity of the lungs, slow- 
ing of the pulmonary circulation and the finding 
of increased “‘capillary’’ wedge pressures on the 
right heart catheterization. Since the pulmonary 
artery pressure is related to the right ventricular 
stroke output, pulmonary vascular resistance 
and the left atrial pressure, it can be seen that a 
change in any one of these factors will be fol- 
lowed by an alteration in one or more of the 
other components. There is evidence to suggest 
that the rise in the left atrial pressure is initially 
followed by a fall in pulmonary vascular resist- 
ance. Thus, right ventricular output and pul- 
monary pressure are maintained. However, once 
the capacity of the pulmonary vascular bed to 
compensate is exceeded, pulmonary hyperten- 
sion and right ventricular hypertrophy develop. 

Dr. Situ: Dr. Diettert, is it true in some in- 
stances, that in patients with advanced mitral 
stenosis, pulmonary arterial pressures by cathe- 
terization may be so increased as to approach 
systemic arterial pressures in magnitude? 

Dr. Dietrert: That is certainly true. 

Dr. Smiru: In patients with mitral stenosis 
extreme degrees of pulmonary arteriosclerosis 
may also develop. This may be on the basis of 
small emboli or other intrinsic changes in the 
vessels. Pulmonary atherosclerosis was a diag- 
nosis entertained by her attending physicians. 
At no time was the diagnosis of congenital 
malformation of the heart ever entered upon, at 
least not seriously. Dr. Bercu, is there anything 
at all in the information at hand that would lead 
you to believe there is a congenital cardiac 
defect present? 

Dr. BERNARD Bercu: I do not think so Dr. 
Smith. The evidence for mitral stenosis and 
aortic valve disease is so certain and the x-ray 
picture so confirmatory for this diagnosis that I 
think, with the evidence at hand, one would not 
be able to make a case for congenital heart 
disease. 

Dr. Smiru: During the patient’s course in the 
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hospital, congestive heart failure of varying 
severity developed. Failure came and went; 
cleared, and got worse again. She was observed 
on each hospital admission to have hepatic 
enlargement, and a good deal was made of this 
finding. Dr. Shank, do you think that the liver 
function studies are compatible with prolonged 
congestion, or is there any reason to believe that 
some other form of liver disease was present? 

Dr. Rosert E. SHANK: The findings listed are 
wholly compatible with hepatic dysfunction 
associated with chronic passive congestion. Since 
the disease had persisted so long, I think there 
would be fibrotic changes with central type of 
fibrosis. On the other hand, I believe one should 
be aware that in long maintained cardiac de- 
compensation, there are general nutritional 
disturbances. The metabolic rate is increased, 
while the appetite is decreased, allowing for the 
development of nutritional defects. It is for this 
reason, that not uncommonly in long standing 
chronic passive congestion of the liver, one also 
finds the changes of portal cirrhosis. This patient 
did not have the manifestations of portal 
hypertension. 

Dr. Situ: Is the serum globulin level some- 
what higher than is ordinarily observed in con- 
gestive disease of the liver? It seems to me it is. 

Dr. SHANK: This might afford reason for sus- 
pecting another process in this liver. However, 
the highest globulin value recorded was 4.2 gm. 
per cent, a level which might have occurred 
because of hemoconcentration. The bilirubin 
values are also of interest. The elevation recorded 
may result from a number of courses in chronic 
cardiac decompensation. One is anoxia of the 
liver interfering with the handling of these pig- 
ments so that they accumulate in the blood 
stream. In addition, embolic phenomena may 
occur, particularly in the lung with subsequent 
hemolysis causing elevation in bilirubin values. 
Again, in the greatly swollen liver there may 
actually be compression of small bile ducts so 
that there is retention on that basis. Any one, or 
all, of the mechanisms listed may have produced 
the relatively small retention of bilirubin demon- 
strated in this patient. 

Dr. SmiTu: It seems to me also that congestion 
was the most likely cause for the deviations in 
liver function. Now, as time went on, and par- 
ticularly during her second admission, Dr. 
Massie, this patient was observed with a blood 
pressure of 170/100 mm. Hg. For this reason she 
was given small doses of serpasil or some other 
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tranquillizing drug. Will you comment upon the 
mechanism of this elevation of blood pressure? 
Do you think it was on the basis of cardiac fail- 
ure, or do you think that there was some other 
mechanism? 

Dr. Epwarp Massie: I would hesitate to 
incriminate the heart per se as the basis of the 
elevated blood pressure reading. Actually, in 
large series of cases studied of patients who 
had blood pressure elevations before heart fail- 
ure, or after prolonged heart failure, the blood 
pressure did not change significantly. I should 
think one would have to find another etiologic 
factor, and this factor could be in the kid- 
neys, judging from description of the course of 
events. 

Dr. SmitH: What do you think this course of 
events was? 

Dr. Massie: Well, I noted that on the first 
admission, she had hematuria. I suspected that 
the patient might have had renal emboli as a 
result of which certain glomerular changes might 
have occurred, to produce a renal factor in her 
hypertension. In other words, primary renal 
disease with secondary hypertension. 

Dr. SmitH: Do you think there was an ele- 
ment of pyelonephritis? 

Dr. Massie: Renal infarction seems most 
likely, but pyelonephritis certainly could have 
been present. 

Dr. Smitu: Dr. Bricker, what is your opinion 
regarding the renal status? 

Dr. NEAL Bricker: I believe the majority of 
findings including the eventual development of 
azotemia and hyponatremia, are explicable 
within the framework of rheumatic heart disease 
and congestive heart failure. On the other hand, 
it is difficult to exclude independent or asso- 
ciated organic renal disease. In view of the 
clinical diagnosis of subacute bacterial endo- 
carditis, we might look for evidence of focal 
embolic or acute diffuse glomerulonephritis. 
However, the urine sediment examinations listed 
in the protocol do not support either diagnosis. 
The one episode of gross hematuria seems ade- 
quately explained by the cystoscopic finding of 
hemorrhagic cystitis. Several other possibilities 
may be mentioned. It is quite possible that a 
patient with tight mitral stenosis, atrial fibrilla- 
tion, and thrombus in the left atrium, may 
shower small emboli to the kidneys. In addition 
the age group in which she fell would predispose 
her to the development of arteriolar nephro- 
sclerosis. Finally, the possibility exists that she 


had progressive pyelonephritis. However, we 
have very little positive evidence to favor the 
latter diagnosis. Perhaps the most valuable 
laboratory finding in support of the diagnosis 
of active pyelonephritis is bacilluria, and this is 
not mentioned in the protocol. The albuminuria 
may be explained on the basis of heart failure, 
and the examinations of the urine sediment in 
this hospital generally showed very few if any 
white cells. Pus cells were noted in the urine 
in an examination performed by another physi- 
cian but the number of these is not mentioned. 

Dr. HERBERT ZIMMERMAN: I would like to 
point out one other physiologic explanation for 
this hypertension. It is well known that people 
who go into acute decompensation may fre- 
quently present with a hypertension, which then 
disappears when the patient is compensated. In 
1953, the group in London demonstrated that 
there was a baroreceptor in the carotid sinus. 
They demonstrated that an increased cardiac 
output resulted in peripheral vasodilatation. 
Decreased cardiac output was associated with 
peripheral vasoconstriction. We are dealing here 
with a patient who had a lesion which would give 
her a decreased cardiac output. I think when pa- 
tients arrive at a critical point of decreased 
cardiac output, these baroreceptors may come 
into play and cause vasoconstriction and conse- 
quent hypertension. 

Dr. SmitH: It would be interesting to have 
your thoughts on the following questions. If 
this vasoconstriction occurs on the arteriolar side 
of the circulation to produce hypertension, do 
you think that the venules of the peripheral 
circulatory system likewise constrict? Is it possi- 
ble that in consequence of the latter, the venous 
pressure rises under these circumstances? 

Dr. HERBERT ZIMMERMAN: Yes. It seems 
probable that there are pressure receptors 
throughout the entire vascular tree on the venous 
side and also in the pulmonary vascular tree. 
At the present time one can only speculate. 

Dr. SmitH: During her last admission to this 
hospital, this patient’s condition declined very 
rapidly. There were petechiae over the shoulders 
and marked dyspnea and discomfort. She felt 
worn out and weak, and there was every reason 
to believe that she was indeed in serious diffi- 
culty. It has been the custom in the past to fall 
back upon the contention that, when patients 
with rheumatic heart disease decline rapidly, 
one of the underlying difficulties is reactivated 
acute myocarditis. Dr. Massie, will you comment 


AMERICAN JOURNAL OF MEDICINE 


dg 
a 
hin 
, 
f 
wd 
se 
4 
| 
4 


Disproportionate Dyspnea in Recurrent Cardiac Insufficiency 149 


on this possibility? When do you make the diag- 
nosis of a recrudescence of myocarditis? 

Dr. Massie: At this patient’s age, I would be 
hesitant to thin of reactivation of rheumatic 
fever. If there were no symptoms, apart from the 
heart, I also would not consider this diagnosis 
strongly. 

Dr. SirH: I have thought many times that 
patients much younger than this, dying with 
rheumatic heart disease, may have acute myo- 
carditis. However, there was usually no evidence 
of it at autopsy. Naturally with this patient’s 
decline, there was a good deal of concern on the 
part of her doctors as to whether or not she had 
subacute bacterial endocarditis. Blood cultures 
were obtained which up to the time of her death 
had grown no organisms. You mentioned this 
previously, Dr. Bricker. Would you entertain 
seriously the diagnosis of subacute bacterial 
endocarditis or do you think that her terminal 
illness was due to something else? 

Dr. Bricker: There are scattered observa- 
tions which certainly make us consider this 
diagnosis. Included among these are, the pres- 
ence of petechiae, the progressively downhill 
course, and the note that two observers thought 
she had clubbed fingers. Moreover, we could 
view the development of hematuria in a different 
light than that which we discussed previously. 
However, viewing the situation in toto, I per- 
sonally would think that we do not have enough 
evidence to support this diagnosis. 

Dr. SmitH: That leaves us with the question 
‘‘Why did she die?’”? Those who saw her were 
extremely impressed with the degree of dyspnea 
and cyanosis that developed as her life ebbed. 
The question is raised as to whether her death 
occurred from myocardial insufficiency or 
whether some other event was taking place. 
Dr. Parker, what do you think of the events? 

Dr. Parker: I think it is very likely that she 
died with multiple pulmonary emboli and with a 
massive pulmonary embolus as the terminal 
event. Patients with congestive heart failure who 
are bedfast are especially apt to have this com- 
plication. Also we have evidence that she had a 
pulmonary infarction in 1954, and pulmonary 
emboli have a tendency to be recurrent. At the 
time of her death, she had marked cyanosis, 
hypotension and increased dyspnea, all of which 
are frequently seen in massive pulmonary 
embolization. Finally, her relatively rapid death 
is in keeping with this diagnosis. 

Dr. SmitH: May I provoke further discussion 
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from you and ask if you think that there may 
have been pulmonary arteriosclerosis upon 
which may have been superimposed spontaneous 
thrombosis? This is a subtle and very insidious 
process. 

Dr. Parker: I believe that is a very difficult 
diagnosis to make. The clinical manifestations 
are sometimes hard to separate from those of 
pulmonary embolism. The rapid downhill 
course during her last days is probably against 
this diagnosis, as most patients with this rare 
condition usually survive for weeks or months. * 

Dr. SmitH: Dr. Zimmerman, if this patient 
were showering small or moderately small pul- 
monary emboli into the lungs, what would be 
the effect on the heart and on the pulmonary 
circulation particularly if superimposed upon 
the mitral stenosis? 

Dr. ZIMMERMAN: As has been previously men- 
tioned, the pulmonary artery pressure is de- 
pendent upon several factors such as the pul- 
monary vascular resistance, the gradient of 
pressure across the pulmonary vascular bed, and 
the pulmonary output. As showers of emboli 
reach the pulmonary vascular tree, the cross- 
sectional area of that pulmonary vascular bed is 
decreased. The pulmonary vascular bed then 
attempts to compensate for this, by vasodilata- 
tion. When the pulmonary vascular bed becomes 
almost fixed, the pulmonary artery pressure may 
go up markedly putting a tremendous strain on 
the right ventricle causing the right ventricle to 
fail more than it had previously. 

Dr. SmitH: Yes. Then as the right ventricle 
fails, there is pressure peripherally to drive blood 
to the right ventricle, causing marked dilatation 
and congestion of the entire venous system and 
accentuating any degree of cyanosis that might 
have existed before. 

Dr. ZIMMERMAN: May I add one thing Dr. 
Smith? Recently there has been a great deal of 
interest in the major pulmonary artery thrombo- 
sis as mentioned by Dr. Parker. It has been found 
that in such persons not infrequently thrombosis 
develops of a major pulmonary artery, usually 
the right, although it has been found in both. 
When this occurs, a clinical syndrome develops 
which is characterized by dyspnea out of propor- 
tion to the disease that the patient has and fre- 
quently cyanosis. One wonders in this case about 
such a terminal episode. 

Dr. Smitu: I think we can address the follow- 


* Macipson, O. and Jacosson, G. Thrombosis of the 
main pulmonary arteries. Brit. Heart J., 17: 207, 1955. 
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ing conclusions based on our clinical analysis to 
the department of pathology. This woman had 
rheumatic fever at an early age and rheumatic 
heart disease developed, probably with mitral 
stenosis and insufficiency and with aortic insuffi- 
ciency and possibly with aortic stenosis. There 
will be visible in this heart a rather marked 
hypertrophy of the right and the left ventricles. 
The question of subacute bacterial endocarditis 
cannot be entirely eliminated but we think it is 
unlikely here. You will find in the lungs perhaps, 
one or many pulmonary thromboses either of 
embolic origin or of local origin. I think that is 
about the best we are going to be able to do. 

Dr. Massie: You did not mention tricuspid 
valve disease and I thought before closing that, 
in a patient who has aortic and mitral valve 
disease associated with a large liver, we should 
think of tricuspid disease. A murmur is described 
over that area, and while I think this is not likely, 
I would not be at all surprised to find tricuspid 
valve disease also. 

Dr. Smitu: I am glad you brought that up. I 
visualized a functional tricuspid insufficiency. 
Dr. Sherry? 

Dr. Sor 'Suerry: In view of the dispropor- 
tionate dyspnea and cyanosis, I believe we 
should consider the possibility of a ball-valve 
thrombus in the left auricle. In the clinical situa- 
tion described here, the dyspnea and cyanosis 
were severe and out of proportion to the other 
findings. One has to think of other causes for 
obstruction to pulmonary blood flow; the major 
discussion has already covered circulatory ob- 
struction through the lungs themselves. Further- 
more, in rheumatic heart disease there is the 
proper setting for large left auricular thrombi 
to form. 

Dr. SmitrH: That is a very good suggestion. 
Ball-valve occlusion of a narrowed mitral orifice 
is one of the less frequent causes of circulatory 
obstruction, but this circumstance could have 
been present in our case. 


PATHOLOGIC DISCUSSION 


Dr. Doris REIMANN: At autopsy this was the 
body of a fifty-five year old white woman who 
was of normal development but slight stature. 
The only external abnormality observed was 
slight pitting ankle edema. The lungs were 
heavy and very congested. Neither pulmonary 
edema nor pulmonary emboli were found. 
Extensive adhesions covered the entire right 
lung. Fluid in the right pleural cavity measured 


about 200 cc. and in the left there were 450 cc. 
As previously seen radiographically, there was a 
calcified nodule on the left lower lobe and a 
calcified lymph node draining this area. In the 
branches of the pulmonary artery, several scle- 
rotic plaques were found. Cultures of the heart’s 
blood were negative. The heart weighed 510 
gm., which is about twice the normal weight for 
a woman of this size. There were 100 cc. of 
pericardial fluid and the epicardial surface ap- 
peared smooth. The tricuspic and pulmonary 
valves were normal. The foramen ovale was 
patent but guarded. The left atrium was bulging 
and distended. When opened, a large, firm 
thrombus measuring about 5 cm. across occupied 
the left auricle. (Fig. 1.) It was attached to a 
plaque on the anterior wall about 2 cm. in diam- 
eter; lines of Zahn indicated antemortem origin. 
The mitral valve was stenotic, with calcifications 
and concretions on iis edge. The base and the 
chordae tendinae were also calcified. This 
valve measured 55 mm. in circumference, about 
one-half the normal dimension. There was slight 
thickening of the free edges of the aortic valve, 
fusion of its commissures and calcification at the 
bases of its cusps. Slight arteriosclerosis was pres- 
ent in the aorta. The right ventricular wall 
measured 11 mm., more than twice normal 
thickness. The left ventricle measured 15 mm., 
only slightly thicker than normal. The liver gave 
evidence of extreme chronic passive congestion. 
The spleen weighed 210 gm., (about twice nor- 
mal) and was fibrotic and congested. All the 
lymph nodes of the abdomen and thorax were 
large and soft, indicating some edema. The 
duodenal mucosa was also edematous. The left 
kidney was smaller than the right, which was 
normal in size. On the surface of the left kidney 
large flat scars suggested chronic pyelonephritis. 

Dr. Napya Konikov: The thrombus was 
composed of blood elements which were lami- 
nated into lines of Zahn indicating its antemor- 
tem origin. At its attachment to the anterior 
atrial wall, invasion by fibroblasts from the 
endocardium could be seen. (Fig. 2.) Beneath 
the thrombus and elsewhere the endocardium 
was thickened. The endocardium underlying the 
thrombus was swollen, probably secondary to 
the thrombus itself, and in this region the myo- 
cardium was also degenerated with interstitial 
infiltration by inflammatory cells. This infiltra- 
tion is also probably secondary to the presence 
of the thrombus. In the auricular appendage a 
more advanced organization of the thrombus 
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Fic. 1. The large laminated thrombus filled the left atrium and extended into the left 
auricular appendage. The atrium has been opened through its posterior wall. 


Fic. 2. At the point of attachment of the thrombus on the anterior atrial wall, organ- 
ization is evidenced by ingrowth of vessels and fibroblasts from the surface of the 
endocardium. Beneath the thrombus the endocardium is thickened and swollen. The 
myocardium partly degenerated with granularity and falling out of individual fibers. 
There is slight interstitial round cell infiltration of the myocardium in this area. Hema- a 
toxylin and eosin stain photographed through Wratten B and G filters, K 54. haa Me 


with ingrowth of fibroblasts and small vessels was no evidence of rheumatic activity nor of 
was present. acute bacterial endocarditis. } 

The valves were extremely thickened by The lungs were free of infarcts. There were no ree ae 
hyaline collagen and calcium deposits. There thrombi in the small vessels and vascular thick- ears 
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ening was not prominent. An apparent thicken- 
ing of the alveolar walls was due in large part to 
the presence of large dilated capillaries through- 
out. This is quite commonly seen in patients 
with mitral stenosis. Any fibrosis present was 
focal, as is characteristic of lungs of patients 
with mitral stenosis [7]. 

Other findings included those of marked con- 
gestion of the liver and spleen, with centrolob- 
ular necrosis of the liver and generalized edema. 
Focal scars in the kidneys indicated chronic 
pyelonephritis. The renal vessels were normal. 

Final anatomic diagnosis: Stenosis of the mitral 
valve with calcification of the mitral ring, valve 
leaflets and chordae tendiniae (history of rheu- 
matic heart disease since childhood); large 
thrombus (5 cm. in diameter) filling left atrium 
and left auricle, attached to the anterior wall of 
left atrium; adhesions of the commissures and 
fibrous thickening of the aortic valve, with 
calcification of the bases of the cusps; hypertro- 
phy and dilatation of the right ventricle (heart 
weighed 510 gm.); pericardial effusion, (100 
ml.); acute and chronic congestion of all lobes 
of lungs; pleural effusion (200 ml. on right, 400 
ml. on left); chronic passive congestion of the 
spleen and liver, severe, with centrolobular 
necrosis of liver; generalized edema, slight; 
arteriosclerosis of aorta and pulmonary arteries, 
moderate; patent foramen ovale, guarded, focal 
chronic pyelonephritis. 

This patient falls into the group of those with 
rheumatic heart disease with the setting for 
development of atrial thrombi; patients over the 
age of forty with mitral stenosis and long stand- 
ing auricular fibrillation [2]. 

The paucity of significant findings related to 
the presence of the large thrombus in the left 
atrium is usual in these cases and accounts for 
the rarity with which the diagnosis is made ante- 
mortem [3]. By comparison of the clinical courses 
of those with mitral stenosis and ball thrombi 
and those with mitral stenosis alone it is possible 
to conclude that the degree of dyspnea, cyanosis 


1O’NEAL, R. M., THomas, W. A., Lee, K. T. and 
Rasin, E. R. Alveolar walls in mitral stenosis. Circulation, 
15: 64-67, 1957. 

? Graer, I., Bercer, A. R., Bunim, J. J. and De La 
Cuapetie, C. E. Auricular thrombosis in rheumatic 
heart disease. Arch. Path., 24: 344-365, 1937. 

Wattacn, J. B., Lukarsu, L. and Anorist, A. A. 
Occlusive auricular thrombi. Am. J. Med., 15: 77-82, 
1953. 


and cardiac failure is greater in those with large 
thrombi [4]. This is, of course, not always true 
of the individual case, and the diagnosis is 
rendered even more difficult by the fact that 
complications superimposed on mitral stenosis 
(coronary artery disease, embolization, pul- 
monary infection) may stimulate the symptoms 
of the ball thrombus. 

In the patient presented today, the rapidly 
progressive cardiac failure suggests that the 
thrombus contributed to a further decrease of 
cardiac output over that caused by pure mitral 
stenosis of this degree. The shift of the nature of 
apical murmurs between the second and the 
third admission was probably produced by a 
change in size or position of the thrombus in 
relation to the mitral valve, and seems the best 
clinical clue to the diagnosis. Perhaps the firm 
attachment of the thrombus to the atrial wall 
prevented its extensive impingement upon the 
mitral valve and therefore precluded such 
dramatic clinical findings as postural syncopic 
attacks, symmetrical peripheral ischemia and 
cyanosis which have been occasionally described 
in such cases. Angina, considered a most promi- 
nent and helpful diagnostic sign in these patients, 
[4] was not noted. Other clinical findings were 
those related to advanced cardiac failure. Pe- 
ripheral edema, serous effusions and marked 
congestion of lungs, liver and spleen were found 
at postmortem. 

Large atrial thrombi are found at autopsy 
in 3 per cent of patients with rheumatic heart 
disease [5]. The cause of their formation is not 
known. Neither active rheumatic foci nor infarc- 
tion are found in the underlying atrial wall. 
Wallach has advanced the theory that a jet 
lesion from a partially regurgitant mitral valve 
injures the endocardium, resulting in a sterile 
collagen degeneration of the endocardium (non- 
bacterial thrombic endocarditis, verrucous endo- 
cardiosis) which is then prone to formation of a 
thrombus [5]. No definite endocardial change of 
etiologic significance has been demonstrated at 
autopsy in these cases, perhaps because second- 
ary anoxic changes in the endocardium which 
occur beneath any atrial thrombus tend to 
obscure such a change. 


4 Evans, W. and Benson, R. Mass thrombus of the 
left auricle. Brit. Heart J., 10: 39-47, 1948. 

5 J. B., Lukarsn, L. and Anorist, A. A. 
Formation of auricular mural thrombi. Am. J. Med., 16: 
543-548, 1954. 
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Case Reports 


Skin-covered Mediastinal Teratoma 
Simulating a Fetal Parasite’ 


A Review of Mediastinal Teratogenesis 


J. WintHRop PEeaAsopy, Jr., M.D.,— LAwRENCE H. Struc, M.D. and 


Howarp A. BUECHNER, M.D. 


New Orleans, Louisiana 


N a recent review of the subject of mediastinal 
I tumors we have made reference to a personal 
series of fifty-one such neoplasms [7]. Perhaps 
the most remarkable of these was a complex skin- 
covered teratoma that presented several features 
of unusual interest, the most notable being its 
gross resemblance to a so-called fetal parasite. 
Interestingly enough, the patient’s complaints 
apparently arose not from the size and location 
of the tumor but from a severe lipoid pneumoni- 
tis that the tumor had produced in the adjacent 
lung. Being only the third skin-enveloped 
teratoma recorded in the literature it seems 
sufficiently unique to be deserving of a detailed 
report. 

CASE REPORT 


J. V. D., a thirty-one year old white male dental 
technician, was admitted to the hospital on April 24, 
1952, with a chief complaint of right anterior chest 
pain accompanied by cough, fever and nightsweats, 
all of ten days’ duration. The pain was pleuritic in 
nature; the cough productive of yellowish mucoid 
sputum, On the day of admission the patient had had 
a shaking chill. He consulted a private physician who 
obtained a chest x-ray and referred him to the hospital 
with a diagnosis of pneumonia, right middle lobe. 
Past history disclosed that he had experienced a similar 
but less severe illness four months earlier, at which 
time his symptoms had subsided spontaneously after 
five days’ rest in bed. 

On physical examination the patient was found to 
be acutely ill. The temperature was 103.8°F., pulse 


120, respiration 24, blood pressure 130/75. Significant 
findings were limited to the right chest where there 
was a distinct lag in respiratory excursion, dullness to 
percussion and diminished tactile fremitus. Breath 
sounds were likewise suppressed on the right, to a 
greater extent anteriorly. A few coarse rales were 
audible along the right sternal border. No friction rub 
could be heard. 

The white blood count was 10,800 per cu. mm. with 
89 per cent neutrophils, but other laboratory studies 
were within normal limits. Sputum examinations 
were negative for acid-fast bacilli. Chest roentgeno- 
grams (Fig. 1) showed a large spherical density meas- 
uring 9 cm. in diameter in the anterior mediastinum 
plus another opacity in the region of the right 
middle lobe. Radiographic evidence of a rapidly 
accumulating effusion subsequently appeared (Fig. 2), 
but attempted thoracenteses at multiple sites obtained 
only 60 cc. of straw-colored fluid which proved to be 
sterile. With penicillin and streptomycin therapy the 
patient’s fever and chest pain gradually subsided, 
but x-rays revealed a persistence of the mass in the 
right middle lobe. 

On the fourteenth hospital day a right thoracotomy 
was performed, the right chest being entered through 
the bed of the subperiosteally excised fifth rib. The 
pleural space was obliterated by a thick gelatinous 
substance which was rather easily stripped off the 
underlying lung. A frankly purulent loculus was 
encountered in the oblique fissure and approxi- 
mately 150 cc. of thick creamy pus was evacuated. A 
solid mass could be palpated within the middle lobe. 
In dissecting out the hilus for evidence of nodal in- 
volvement a tumor mass was found adherent to the 


* From the Veterans Administration Hospital, the Department of Thoracic Surgery, Louisiana State University School 
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Fic. 1. Posteroanterior and lateral chest roentgenograms showing a 9 cm. spherical density in the anterior medias- 
tinum at the base of the heart. There is also a homogeneous opacity in the region of the middle lobe. The lowe: 
ovoid shadow seen in the lateral projection represents interlobar fluid. 


pericardium. Further dissection revealed the remark- 
able appearance of the tumor with its skin-covered 
external surface. By a combination of sharp and blunt 
dissection the tumor was freed down to a thick fibrous 
pedicle extending posteriorly through the arch of the 
aorta. After securing the pedicle with suture ligatures 
it was divided and the tumor peeled out of its medi- 
astinal and middle lobar bed with relative ease. 
Because of obvious necrosis in the middle lobe a 
lobectomy was performed. A decortication of the 
remaining lobes was completed and the chest closed 
in standard fashion. Recovery was uneventful. Four 
years postoperatively the patient remains clinically 
well and subsequent roentgenograms show no evi- 
dence of recurrent pleural or parenchymal disease. 
(Fig. 3.) 

Grossly, the specimen consisted of a soft globular 
mass covered in greater part by skin presenting a few 
long hairs and many fine downy hairs. (Fig. 4.) In 
addition there were several bud-like projections and a 
small sinus. One portion of the tumor was devoid of 
apparent skin and in this area several well formed 
teeth were visible in association with a piece of bone. 
Near the teeth was an irregular red-colored protuber- 
ance which to the imaginative eye looked like a 
tongue. The cut surface of the tumor appeared largely 
lipomatous (Fig. 5) without any gross organoid 
structures. The middle lobe (Fig. 6) presented a 
central excavation with a necrotic lining. 


Microscopically, the tumor was found to contain a 
variety of tissues. (Fig. 7.) Practically all portions of 
the tumor were covered with squamous epithelium. 
Bone and cartilage were seen as well as a number of 
embryonic teeth. Bronchial and _ gastrointestinal 
mucosa were readily demonstrable. Other tissues dis- 
cernible were pancreas, salivary gland, skeletal mus- 
cle, cerebrum, cerebellum, a rudimentary eye and 
kidney. There was no evidence of malignancy. The 
resected middle lobe showed a severe lipoid pneu- 
monia, apparently resulting from the sebaceous 
material secreted by the skin-covered surface of the 
tumor. 


COMMENTS 


In view of the frequency with which tera- 
tomatous elements can be demonstrated in the 
walls of dermoid cysts no rigid distinction should 
be made between dermoid cysts and teratomas, 
the entire group being more properly termed 
teratoid tumors or cystic and solid teratomas. 
Because of their extraordinary morphology these 
tumors have been reported with greater fre- 
quency than any other primary mediastinal 
neoplasm, so much so that one fairly recent 
communication on the subject concluded that 
they constituted virtually one-half of all 
mediastinal tumors [2]. However, to judge their 
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Fic. 2. Chest x-ray obtained one day later than Figure 
1 showing the rapidly developing pleural effusion. 


true incidence from the total number of cases 
reported is misleading, and a fairer estimate 
based on an analysis of collected unselected 
cases { 7] shows teratomas to comprise 20 per cent 
of all primary mediastinal tumors, ranking 
second to neurogenic tumors in over-all fre- 
quency but first insofar as the anterior medias- 
tinum is concerned. 

More commonly cystic than solid, these 
tumors contain one or more cystic spaces filled 
with a grumous fluid containing sebaceous 
material, fat droplets, flakes of keratin and hair. 
The inner surface with its squamous epithelial 
lining may grossly resemble skin or present an 
orange peel appearance. In some instances the 
wall is lined not by squamous epithelium but by 
respiratory or alimentary tract mucosa or by 
nervous tissue, in which event it may then con- 
tain mucus or Clear fluid resembling spinal fluid. 
Nodules of teratomatous tissue, including such 
startling organoid structures as well developed 
teeth and bone, may project inward from the 
wall. For clarity’s sake it is quite important not 
to confuse other cystic mediastinal tumors with 
cystic teratomas. In reviewing the literature we 
have encountered not infrequent instances in 
which cysts made up entirely of bronchial or 
gastrointestinal elements have been misinter- 
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Fic. 3. Chest x-ray taken three years postoperatively. 
The patient remains well. 


preted as dermoid cysts instead of the broncho- 
genic cysts or enterogenous cysts that they 
actually represent. There is the same hazard in 
the case of mediastinal granulomas, for the 
caseous contents of such lesions can easily be 
mistaken for the grumous type fluid one asso- 
ciates with cystic teratomas. We believe, for 
instance, one of Heuer’s classic cases represents 
just such a granuloma [3]. 

The solid teratomas tend toward greater com- 
plexity and may contain representative com- 
ponents of any organ thrown together in chaotic 
disarray. Even so, it is exceedingly rare for one 
of these tumors to present an external skin cov- 
ering similar to the one described in this report. 
As far as we can determine only two comparable 
tumors have been previously reported. Von 
Tér6ék in 1900 reported the excision of a skin- 
covered “‘foetus in foetu”’ from the mediastinum 
of a four year old girl who unfortunately did not 
survive [4]. Because of the conformation of the 
tumor mass, part of which bore a vague resem- 
blance to a human head while in other areas 
there were loops of intestine, the author be- 
lieved that the tumor represented a parasitic 
included fetus. In 1933 Harrington [5] reported 
the successful removal of an anterior mediastinal 
teratoma from a seventeen year old girl. The 
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Fic. 4. Picture of the gross specimen illustrating the skin covering over the major 
portion of the tumor. A tongue-like protuberance is seen in the upper left hand 
corner just to the right of which are several teeth attached to a segment of bone 


resembling mandible. 


tumor presented four bud-like outgrowths which 
the author interpreted as limbs, as well as suffi- 
cient organoid structure to suggest a “‘fetal 
parasite.” 

As one might anticipate from their remarkable 
appearance, the derivation of teratomas in gen- 
eral and especially those suggesting fetiformity 
has long provided a fertile field for speculation. 
The many aspects of this subject have been 
superbly summarized by Schlumberger [6]. The 
early concept postulated two distinctly different 
modes of origin for these tumors. Ovarian and 
testicular teratomas were considered to be of 
germ cell origin, while all other teratomas were 
thought to represent an included twin, the so- 
called fetal parasite or fetus in fetu. This latter 
view was originally proposed by Ekehorn [7] 
who had encountered several cases of such 
complex structure that he could not explain 
them on the basis of disturbed embryogenesis, 
hence the concept of an included twin. Many 
recognized authorities subsequently supported 
this view. 

Later students of teratology, notably Nichol- 
son [8] and Willis [9], challenged this hypothesis 
after meticulously analyzing many specimens 
without demonstrating conclusive evidence of 
true fetiformity. Nicholson [8] deprecated the 
general lack of objectivity in most descriptions 
of teratomas. ““The proof of the presence of an 
organ in a teratoma is often enough contained in 


the bare statement that a structure resembles its 
somatic prototype. This is accepted by the writer 
and by others, as proof of identity, and he pro- 
ceeds, generally in the same paragraph, to speak 
of it as the organ in question. . . . I am, indeed, 
prepared to assert that the greater part of the 
vaunted correspondence of these ‘wonder tu- 
mors’ with the head or hinder end of an embryo, 
as the case may be, rests on these insecure 
foundations.” In his characteristically colorful 
style Nicholson stated further: “We are, if 
unconsciously, committed to certain theories of 
teratogenesis from the start, and find it difficult 
not to look for and find, strange and impossible 
likenesses to the human form. And since it is an 
amiable weakness of teratology to fancy that 
the words similarity and identity are synony- 
mous, we readily see in a horrid tumour a smiling 
babe.” 

Willis [9] came to the same conclusion and 
cited the following reasons: (1) With extremely 
rare and doubtful exceptions teratomas exhibit 
no signs whatever of axiation, metameric 
segmentation or delamination, that is, the ear- 
liest and most fundamental features of the forma- 
tion of a soma are lacking. (2) Teratomas 
possess no organs or true somatic regions. They 
contain masses of central nervous tissue but no 
brain, masses of bone but no bones, respiratory 
or intestinal cysts or canals but no proper 
trachea or intestinal tract, renal tissue but no 
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Fic. 5. The cut surface of the tumor discloses a complete 
lack of gross organoid structure. 


kidney. (3) The multiplicity of certain constit- 
uents in teratomas is significant. If we postulate 
that a teratoma represents a malformed fetus, 
we must postulate further either that this fetus 
possesses an indefinite number of supernumerary 
organs or that the organs in question have suf- 
fered some kind of explosive disruption and 
scattering. (4) The anomalous absence of a 
particular tissue in certain teratomas is note- 
worthy. The “fetus” has successfully elaborated 
nearly all of its major ‘“‘viscera’’ but not its 
skin, embryologically a strange omission indeed. 
(5) Abnormal tissue relationships and mixtures 
are frequent in teratomas, that is, a cavity may 
be lined by two or more totally distinct kinds of 
epithelium or there may be an admixture in one 
tumor of tissues of widely different degrees of 
maturity. These observations do not accord well 
with the fetal hypothesis, for we would have to 
assume not only that different tissues of the fetus 
ripen at different times and rates but that the 
unequal aging also effects contiguous areas of 
individual tissues. (6) Finally, it may be noted 
that incomplete examination of a teratoma may 
give it a false resemblance to a fetus. This last, 
like all the other points of distinction, is well 
exemplified by the specimen herein reported. 
Years later Willis [70] added still other argu- 
ments against the fetal hypothesis: (7) The com- 
mon sites of teratomas are not the sites of 
parasitic twins. (8) Most teratomas are known 
to arise during early stages of development when 
their bearers have no mature germ cells capable 
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Fic. 6. On cross section the resected middle lobe presents 
a central excavation in which the tumor was encased. 
Microscopically, the involved area of lung presented a 
severe lipoid pneumonitis presumably arising from the 
sebaceous material secreted by the tumor’s skin covering. 


of parthenogenesis. (9) The view that they 
represent embryos completely ignores the impor- 
tant fact that they are true neoplasms, with 
powers of independent progressive growth which 
have never been observed in either “amorphi’’ 
or parasitic twins. There is then good evidence 
against, as well as a dearth of proof supporting, a 
relationship between teratomas and a so-called 
fetal parasite. 

The foregoing applies to all types of teratomas, 
including mediastinal. Probably the most plausi- 
ble theory of the genesis of those in the mediasti- 
num is that championed by Schlumberger [6] 
who considers that all extragonadal teratomas 
result from local dislocation of tissues during 
embryogenesis, the proposed site of this mal- 
development in the case of the mediastinal 
teratomas being the branchial clefts. For several 
reasons the thymic anlage has been specifically 
incriminated: the thymus is one of the few organs 
comprised of cells from all three germ layers; 
the thymus is the only branchiogenic structure to 
descend routinely into the mediastinum; if 
carefully looked for, thymic tissue can almost 
always be found [77]; and in several instances 
well documented teratomas have been found 
imbedded in the thymus gland itself [72-74]. As 
additional proof of his contention Schlumberger 
[6] cites the frequent finding of pancreatic tissue 
within mediastinal teratoid tumors, a feature 
indicative of a strong entodermal influence such 
as that exerted over the thymus by the third 
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hs illustrating the wide diversity of tissues found within the tumor. A, skin. B, tooth bud, C, 


bronchial mucosa and cartilage. D, large intestinal mucosa. E, junction of squamous and columnar epithelium. F, 


bone marrow. G, central nervous tissue. H, pancreas. 
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pharyngeal pouch. It is even suggested that 
teratomas of this region might be more precisely 
identified as teratomas of the thymus. While 
agreeing with the site of origin, Friedman feels 
that the recently substantiated occurrence of 
primary mediastinal seminoma (germinoma) 
now enables one to ascribe a true germinal origin 
to thymic teratoid growths [74]. 

Whatever their precise derivation, intra- 
thoracic teratomas are found almost exclusively 
in the anterior mediastinum where they may lie 
anywhere between the superior thoracic strait 
and the diaphragm, the most common site being 
in the middle third of the anterior mediastinum 
between the sternum and base of the heart. For 
one to reside in the posterior mediastinum is a 
rare finding | /6—22]. Still rarer is their occurrence 
intrapericardially [23-37], although mediastinal 
teratomas in general almost uniformly present 
intimate adhesions to the pericardium and great 
vessels. 

Symptoms are generally insidious in onset, 
seldom arise prior to puberty and, unless infec- 
tion or malignant transformation intervenes, 
are not apt to be manifest until the third or 
fourth decades of life. In an elaborate review 
of the subject Rusby [32] computed a life ex- 
pectancy for untreated mediastinal teratomas of 
1.8 years after the onset of symptoms. Of a 
group of more than 200 such cases he could find 
only 3.3 per cent in which the tumor did not in 
some way contribute to the patient’s death. 
Cough and anterior chest pain are the most com- 
mon complaints. Dyspnea with or without true 
stridor may occur, sometimes only when lying 
supine. The expectoration of hair may provide 
startling as well as pathognomonic evidence of a 
cystic teratoma; this is more apt to arise in the 
neglected case judging from the 10 to 13 per cent 
incidence in the older literature [32-34] as com- 
pared with but 5 per cent in the more recent 
literature [7]. The color of the hair has no ap- 
parent relationship to the hair of the host; 
it is nondescript in most instances but occa- 
sionally blond and in one instance was red [28]. 
As a rule, rapidly progressive findings are indica- 
tive of malignancy, but on occasion benign 
teratomas may likewise cause violent symptoms, 
especially when infected. Rupture may occur 
into the mediastinum, lung, bronchus, peri- 
cardium, pleural space, chest wall and rarely 
even into the aorta or superior vena cava. The 
possibility of evacuation into the pleural space 
has recently been reemphasized [35]. We are 
aware of but one previously reported case in 
which a mediastinal teratoid tumor has given 
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rise to a lipoid pneumonia [36]. Unlike that case, 
in which the lipoid material originated from 
intrabronchial perforation of a ruptured dermoid 
cyst, the lipoid granuloma accompanying the 
tumor reported herein resulted apparently from 
sebaceous material excreted by the encompassing 
skin, an etiology that seems unique. 

Superior vena caval obstruction is common 
among malignant mediastinal teratomas but can 
result also from a benign teratoma. In much the 
same fashion benign teratomas have been asso- 
ciated with recurrent laryngeal nerve paraly- 
sis [37], phrenic nerve paralysis [38] or Horner’s 
syndrome [3], emphasizing the importance of 
avoiding a premature declaration of malignancy, 
or worse yet, inoperability. Localized bulging of 
the chest wall is not uncommon [32] and may 
even antedate the onset of symptoms [39]. Also 
worth noting is the infrequent capacity of these 
tumors to present initially in the neck. This was 
true of the first mediastinal teratoma ever to be 
reported (Gordon, 1823) [32], in the case of a 
twenty-one year old girl in whom cough and 
tachycardia persisted following a bout of pneu- 
monia. Later a small pulsatile tumor appeared 
in the suprasternal notch. Initially regarded as 
an aortic aneurysm, the mass gradually increased 
in size and ultimately ruptured with egress of 
serous fluid. At necropsy a cystic teratoma was 
found in the anterior mediastinum containing 
hair, sebaceous material, teeth and bone. In rare 
instances a mediastinal teratoma may attain 
sufficient size to be present primarily in the 
abdomen, as in one of Brantigan’s cases [40]. 

Radiographically, the appearance of these 
tumors is usually that of a round or oval, sharply 
defined shadow projecting from either medias- 
tinal border and confined in the lateral pro- 
jection to the anterior mediastinum. Less often 
the outline is bosselated and in the presence of 
malignancy it is apt to be irregular. Ordinarily 
they are of homogeneous density but teeth, bone 
or bits of calcium are sometimes discernible. 
Needless to say, planigrams may be extremely 
helpful in the latter regard. In some instances the 
wall of cystic teratomas may be totally calcified. 
It is always important to realize that most of 
these tumors, because of their close apposition to 
the heart and aorta, seem to pulsate at fluor- 
oscopy. Unless teeth are visualized a specific 
roentgenographic diagnosis is seldom possible 
preoperatively. A diagnostic aid reported by 
Phemister [47] in 1936, but never corroborated 
since then, consists of maintaining the patient 
motionless for an adequate length of time prior 
to obtaining an x-ray in order to stratify the fatty 


oe 
4 
= 
i 
A; 
vf 
: 
4 
- 
of 
‘ 
> 


160 Mediastinal Teratoma—Peabody et al. 


content of a dermoid cyst and thereby obtain a 
fluid level, even though no air is contained 
in the cyst. 

The malignant potentiality of teratomas in 
general is well documented. Concerning medias- 
tinal teratomas, the incidence of malignancy is 
said to be approximately 12 per cent [32,34], and 
70 per cent of these are said to originate in solid 
tumors [32]. Among unselected cases we have 
shown that closer to 20 per cent are actually 
malignant [7]. In view of the virtually endless 
variety of tissues included in these tumors, 
it is not surprising that almost any type of malig- 
nant tumor can occur. Epidermoid carcinoma 
and adenocarcinoma are probably the most 
common types encountered but undifferentiated 
carcinoma, neurofibrosarcoma, liposarcoma, 
rhabdomyosarcoma, hemangioendothelioma, 
among others, have been described. Cases have 
been recorded in which an apparently benign 
teratoma has been excised only to recur later as a 
frankly malignant tumor. Moreover, it is now 
clear that tumors identical with testicular tumors 
can arise primarily in the mediastinum, the 
authenticity of their mediastinal origin being 
predicated upon an absence of any semblance of 
tumor or scar in multiple sections of the testicles. 
The importance of this latter point stems from 
the fact that a primary tumor within the testicle 
may be extremely small, may revert to a benign 
tumor while the metastasis thrives, or may 
spontaneously regress and be represented solely 
by a fibrous scar [42,43], again without altering 
the progress of the metastatic foci. Because of 
inadequate examination of the testicles a number 
of alleged primary mediastinal choriocarcinomas 
(chorionepitheliomas) cannot be accepted as 
authentic [44,45]. However, there have now ap- 
peared enough well documented cases of primary 
mediastinal choriocarcinoma [46-56] and semi- 
noma [74,57,58| to establish their existence 
beyond any doubt. As mentioned earlier, Fried- 
man [74] interprets the very existence of primary 
mediastinal seminoma (germinoma) as evidence 
that all mediastinal teratomas originate in 
primordial germ cells. 

Unless accompanied by such diagnostic leads 
as a history of hair-spitting or radiographic 
evidence of teeth, an absolute preoperative 
diagnosis is seldom possible. Whether or not the 
diagnosis can be established preoperatively is 
purely an academic question, however, for any 
indeterminate mediastinal tumor, be it teratoma 
or not, demands surgical excision. If one ob- 


tains reassurance from an absence of symptoms, 
apparent stability and the presence of calcifica- 
tion in such a tumor, he is poorly acquainted 
with their sinister inclinations. Maier [38], for 
example, has described a circumscribed calcified 
anterior mediastinal tumor that had been ob- 
served for four years without any visible en- 
largement being detected. When it ultimately 
grew larger, the patient was referred for tho- 
racotomy. By that time it was too late, however, 
and resection was precluded by mediastinal and 
hilar involvement. The invasive component of 
the tumor proved to be an extremely anaplastic 
undifferentiated carcinoma arising in and 
extending through the wall of a benign-looking 
cystic teratoma. 

In contrast to this last example, the case con- 
tained in the present report provides a gratifying 
contrast for the patient remains well four years 
later. There seems to be little justification, there- 
fore, for a policy of “watchful waiting’? and 
regardless of the presence or absence of symp- 
toms, prompt surgical excision would seem to 
constitute the most rational approach to any 
indeterminate mediastinal tumor. 


SUMMARY 


1. This report concerns a benign skin-covered 
mediastinal teratoma bearing a remarkable 
resemblance to the so-called “‘fetal parasite.’’ As 
far as we know this is only the third such case 
ever to be reported in this location. An inter- 
esting sidelight was the lipoid pneumonia which 
the tumor produced in the middle lobe due ap- 
parently to the liberation of sebaceous material 
by the outer covering of skin. The patient re- 
mains well four years following excision of the 
tumor and the middle lobe. 

2. The subject of mediastinal teratomas is 
reviewed, particular attention being devoted to 
their derivation. 
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RELIEVES THE GNAWING ACHE 


Pro-Banthine provides rapid 


control of pain in peptic ulcer 


In a two-year study! by Lichstein and co- 
workers, documented by intensive personal 
observation and by follow-up studies, Pro- 
Banthine (brand of propantheline bromide) 
often brought immediate relief of ulcer pain. 
Patients (11 per cent) who did not respond 
satisfactorily to Pro-Banthine therapy had 
“anxiety manifestations of psychoneurotic 
proportions.” 

In addition to frequent immediate sympto- 
matic relief, Pro-Banthine reduces gastroin- 
testinal motility and diminishes the secretion 
and acidity of gastric juice, all-important 
factors in the generation and aggravation of 
peptic ulcer. 

These actions of Pro-Banthine and its 
demonstrated effectiveness in accelerating ul- 


cer healing?-® mark the drug as a most valu- 
able adjunct in the treatment of peptic ulcer. 
The suggested initial dosage is one 15-mg. 
tablet with meals and two tablets at bedtime. 
An increased dosage may be necessary for 
severe manifestations and then two or more 
tablets four times a day may be prescribed. 
G. D. Searle & Co., Chicago 80, Illinois. 
Research in the Service of Medicine. 
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**Lanoxin’ was formerly known as Digoxin ‘B. W. & Co.’ The new name has been 
adopted to make easier for everyone the distinction between digoxin and digitoxin. 
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tetracycline activated for higher, faster levels 
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TETRACYCLINE-PHOSPHATE BUFFERED HOMOGENIZED SYRUP 


activated for higher, faster tetracycline blood levels... potent, | 
prompt, prolonged control of tetracycline-susceptible infections... “pb 
prescription adherence assured ... no reconstitution required ay 


Supplied: 
Each 5 ce. teaspoonful of Tetrabon V ee 
contains tetracycline equivalent to 125 mg. ae 
tetracycline hydrochloride, phosphate es 
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sion. Bottles of 2 oz. and 1 pint. eae 
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THE ALCOHOLIC 


SPARINE is an agent of prompt, predictable, and potent action 
in controlling withdrawal symptoms. 

Often, in selected cases under the adequate supervision 

of the family physician, it may afford home control 

of postalcoholic agitation and hyperactivity.’ 


SPARINE is well tolerated on intravenous, 
intramuscular, or oral administration. 

Toxicity is minimal—no case of liver damage 

has been reported. Parenteral use offers 

(1) minimal injection pain; (2) no tissue necrosis 

at the injection site; (3) potency of 50 mg. per cc.; 
(4) no need for reconstitution before injection. 
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simple, well-tolerated routine for ‘sluggish’ older patients 
one tablet t.i.d. 


DECHOLIN 


“therapeutic bile” 


Establishes free drainage of biliary system —effectively combats bile stasis and 
improves intestinal function. 

Corrects constipation without catharsis—copious, free-flowing bile overcomes tendency 
to hard, dry stools and provides the natural stimulant to peristalsis. 

Relieves certain G.I. complaints — improved biliary and intestinal function enhance 
medical regimens in hepatobiliary disorders. 

DECHOLIN Tablets: (dehydrocholic acid, AMES) 3% gr. 
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SESS 


Prophylactic and therapeutic control of water 
retention in toxemia of pregnancy may be 
effectively maintained by DiamMox. 


D1aMox is a highly versatile diuretic, effective 
in the mobilization of edema fluid and in the 
prevention of fluid accumulation—with transient, 
readily reversible, blood electrolyte changes. 


Well-tolerated orally, a single dose is active for 
6 to 12 hours, offering convenient daytime 


diuresis and nighttime rest. 


DiaMox is of proven value in other conditions 
as well, including cardiac edema, acute 
glaucoma, epilepsy, premenstrual tension. 


Ease of administration, low toxicity, lack of 
renal and gastrointestinal irritation make 
its use simple and singularly free of 


complications. 


Supplied: scored tablets of 250 mg. (Also in 
ampuls of 500 mg. for parenteral use). 
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Zox azolamine 


“...Of 90 patients with low back pain and other muscular conditions... 


67 (74 per cent) showed a good response... .”' 
y “...17 of...20 patients with post-traumatic muscle spasm of the low 


back had excellent or good responses.’”? 


(1) Johnson, H. J., Jr.: To be published. (2) Wallace, S. L.: To be published. 
How Supplied 


Pink, Enteric Coated tablets (250 mg.), bottles of 36. 
Yellow, scored tablets (250 mg.), bottles of 50. 


*U.S. Patent Pending 


: Mc NEIL Laboratories, Inc. 


* Philadelphia 32, Pa. 
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When you finally bring her around, remember that 


what she'll probably need first...and most...is 


the essential B-complex. And that’s a good time for 
A GOOD 
B-COMPLEX 


(Abbott’s B-Complex Tablets with C) 
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the doctor... 


big, Aeavy, fattening 
meals..." 


Just one Sur-Bex tablet a day supplies: 


Thiamine Mononitrate...... 6 mg. 


Nicotinamide............. 30 mg. 
Pyridoxine Hydrochloride. . 1 mg. 
(as cobalamin concentrate) 
Calcium Pantothenate.... 10 mg. 
Ascorbic Acid............ 150 mg. 


Desiccated Liver, N. F... 300 mg. 
Brewer's Yeast, Dried... 150 mg. 


As a dietary supplement: 1 or 2 tablets daily 
in convalescence: 2 or more daily 
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prevents postpartum breast engorgement 


7 ; Satisfactory results were obtained in over 96 per cent of cases in a series 
ww _ Of 267 patients who received estrogen and androgen as combined in 
“Premarin” with Methyltestosterone. Therapy was started as soon as pos- 


2 sible after delivery. No untoward side effects were noted. In addition, the 
. __ absence of mental depression in the puerperium was considered of notable 
importance.* 
3 *Fiskio, P. W.: GP 11:70 (May) 1955. 


“PREMARIN:’ with METHYLTESTOSTERONE 


for combined estrogen-androgen therapy 


Ayerst Laboratories « New York, N. Y. « Montreal, Canada 


Los 
74 
7 
rogen-androgen therapy effecti 
vely 
a 
| a" a. 
we 
+ 4 ~ 
+ 
4 
f 
he 


= 


relieves upper G. I. pain= spasm 
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visceral eutonic 


| i 


PLAIN AND WITH PHENOBARBITAL 
e normalizes visceral tone and motility 
¢ does not interfere with digestive secretions 
e avoids “antispasmodic” side effects 
e prescribed q.i.d. for gastroduodenal and biliary spasm, cardiospasm, 
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Even stubborn 


trichomoniasis yields... 
because Tricofuron 


is effective 


during menstruation, 


the critical time 
for therapy. 


Recurrences of trichomoniasis “are most likely 
to follow the menstrual period.”! 

“Over and over again today patients are seen 
with what is said to be an intractable, treatment- 
resistant Trichomonas infestation, but history- 
taking often reveals that such patients have never 
had treatment prescribed during any menstrual 
period.””* 

Menstrual blood in the vagina “forms an ex- 
cellent medium for the rapid multiplication of T. 
vaginalis”® and “lowers the acidity of the vagina 
and hence there is a tendency to recrudescence 
[of trichomoniasis] at that time.””* 

Tricofuron is powerfully trichomonacidal 
“even in the presence of vaginal debris and men- 
strual blood.””* 


For 44 of 48 patients: lasting cure was obtained 
with a single course of Tricofuron therapy.* 


Vaginal Suppositories —for home use—each morn- 
ing and night through one cycle, including the im- 
portant menstrual days. Contain 0.25% Furoxone® 
(brand of furazolidone) in a water-miscible base. 
Box of 12, each sealed in green foil. 


Vaginal Powder —for office use—applied by the 
physician at least once a week, except during men- 
struation. Contains 0.1% Furoxone in an acidic 
powder base of lactose, dextrose, citric acid and a 
silicate. Bottle of 30 Gm. 


References: 1. Bernstine, J. B., and Rakoff, A. E.: Vaginal Infections, 
Infestations and Discharges, New York, The Blakiston Company, Inc., 
1953, p. 235. 2. Overstreet, E. W.: Arizona M. 10:383, 1953. 
3. Schwartz, J.: Obst. Gyn., N. Y. 7:312, 1956. 4. Crossen, R. J.: 
Diseases of Women, St. Louis, The C. V. Mosby Company, 1953, p. 292. 
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Nitrofurans—a new class of antimicrobials—neither antibiotics nor sulfonamides 
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Patient, male, age 40, spastic diplegia; physiotherapy and massage previously ineffective. 
When Tolseram was administered, the following improvement was seen within a month: 


\ 


i AS 
left knee, active: from 42° range to 80° range (nearly 100% increase) right knee, active: from 20° range to 34° range (70% increase)* 


*rrom ENGLER,M.: J. MENT. SCI. 101:391 (APRIL) 1955. 
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DRY, SCALY SKIN 
DETERGENT RASH 
SUNBURN 
SIMPLE ECZEMA 
DIAPER RASH 
‘DISHPAN’ HANDS 


PRICKLY HEAT = ficial skin 
CHAFING 
plaints usually respond 
dramatically to 


TASHAN CREAM ‘Roche’ 


Antiprurient, soothing, and healing — 
contains vitamins A, D, E, and d-Panthenol, 
in a cosmetically pleasing water-soluble 
base which fastidious patients will enjoy 
using. Hoffmann-La Roche Inc., Nutley, N. J. 


TASHAN 
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for the ones 
supplementary minerals 
as well as vitamins 


with 
MINERALS 


_An entirely new preparation 
especially for growing youngsters—A BD 
WITH MINERALS FORS@HELL 
provides 10 important vitamins D us 10 _ 
__ additional mineral components... This un- 
“usually comprehensive nutfitional supple- 


ment is available in economical capsule oe 
form. 
Each capsule represents: : 
VITAMINS 
VitaminA . . . . (0.9 mg.) 3000 units 
Vitamin D . . (25 meg.) 1000 units 
Vitamin C (ancontile acid) . 40 mg. 
Vitamin B, mononitrate mononitate) 1 mg. 3 


Vitamin crystalline (cyanocobalamin) . . 1.5 meg. 


MINERALS — 


{Supplied as imorgante salts. 
Available in bottles of 100 capsules. 
PARKE, DAVIS & COMPANY 
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INVERSIN 


MECAMYLAMINE HYDROCHLORIDE 


Day after day, the same dose of INVERSINE 
gives the same response—fliuctuations of 
blood pressure are minimal. INVERSINE is 
a secondary amine—chemically an entirely 
new ganglionic blocking agent. Given by 
mouth it is completely absorbed. Its onset 
and offset of action are smooth and gradual 
and the effect is even and prolonged. 


INVERSINE iS A TRADEMARK OF MERCK & CO., INC. 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., INC... PHILADELPHIA 1. PA. 
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PARKE-DAVIS 


THREE TO FIVE TIMES AS EFFECTIVE AS HYDROCORTISONE 


supplied: 5 mg. and 2.5 mg. scored tablets; botties of 30 and 100. 


Parke, Davis & Company Pr IP) ~ Detroit 32, Michigan 
a 
* TRADEMARK 30198 


(MUST BE IN GOOD CONDITION) 


THE AMERICAN JOURNAL OF MEDICINE 


will pay $1.00 per copy for t 
the following issues: 
July 1946 January 1948 


September 1946 February 1948 


October 1946 May 1955 
April 1947 August 1955 
September 1955 
Send to ) 
The American Journal of Medicine, Inc. 3 
49 West 45th Street New York 36, N. Y. u 
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‘‘...More Maalox! Well, that’s one antacid they all seem to like— . 
works like a charm, doesn’t constipate, tastes good—no problems...” 


MAALOox®, an efficient antacid suspension of magnesium-aluminum hydroxide gel; 
e Bottles of 12 fluidounces; Tablets, 0.4 Gm., Bottles of 100. 
Samples on request. 


WiuiaM H. Rorer, INc., Philadelphia 44, Pennsylvania 
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@ Specially formulated for pro- 
longed, unusual efficacy in reliev- 
ing pain, itching, irritation and 
inflammation in non-surgical 
HEMORRHOIDS, PRURITUS ANI, 
FISSURES, PERIANAL DERMATITIS, 
PAPILLIT!S, etc. Non-sensitizing. 


Formula: RECTAL DESITIN OINTMENT 
contains high grade Norwegian cod 
liver oil, zinc oxide, lanolin, talcum, 
sodium lauryl sulfate, petrolatum q.s. 
Does not contain local anesthetics, 
narcotics, or “caine” drugs which 
might mask serious anorectal dis- 
orders. 


Available on 
your prescription 
in tubes of 1'/2 oz., 
with a safe, flexible 


applicator 
e 


Liberal SAMPLE supply on request 


 DESITIN cH 


a 


1. Spiesman, M. G. and Malow, L.: Amer. J. Proctology, June 1956. 
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A CLEAR HEAD wits c1N SECONDS 


REMAINS CLEAR FOR HOURS 


ASUR 


Medihaler-Phen—vest-pocket size—is aerosol-self-powered, 
measured-dose, vaporized, tissue-compatible medication for 
effective relief of all forms of nasal and paranasal congestion. 
Its four actions provide definitive therapy at any stage of 
allergic rhinitis...Avoids haphazard dosage of sprays, inhal- 
ants, and nose drops... Maximum effect with small dosage 
..Safe for children, too. 


Effective...Safe... 
4-Pronged Attack 


e VASOCONSTRICTIVE e ANTI-INFLAMMATORY 


e DECONGESTIVE e ANTIBACTERIAL 


Each cc. contains phenylephrine HC] 3.6 mg., neomycin sulfate 
1.5 mg. (equivalent to 1.0 mg. of neomycin base), and hydro- 
cortisone 0.6 mg., suspended in an inert, non- 
toxic aerosol vehicle. The 10cc. stainless 
steel vial is shatterproof, leakproof, spill- 
proof—equipped with metered-dose valve and 
sterilizable plastic nasal adapter. 
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NOW 


Defensive Depth 
in angina pectoris 


Pentrasine’ 


vasodilator - calmative 


Pentaerythritol Tetranitrate—10 mg. Best of 
the long-acting coronary vasodilators.! 


Butisol Sodium®— Butabarbital Sodium, 10 mg. Intermediate 
sedative ideally suited to long-term therapy. 


Reserpine—0.05 mg. Effective adjunct in the management 
of angina pectoris.* 


PENTRASINE helps insulate angina patients from the 
effects of effort and emotion through the comple- 
mentary action of its three components. For 
example, the combination of Rauwolfia and PETN 
produces greater benefits in angina than either drug 
used alone.* Rauwolfia additionally supplements the 
sedative action of Butisol Sodium with mild, yet 
safe, tranquilization. Thus PENTRASINE helps reduce 
the severity and frequency of anginal attacks. For 
defense-in-depth, prescribe PENTRASINE for your 
next angina patient. 


Suggested Dosage: The usual dose is one tablet four times a day. 
PENTRASINE should be administered before meals and at bedtime. 


Note: PENTRASINE is not intended for treatment of 
acute attacks of angina pectoris, but rather for routine 
daily use as a preventive measure. 

Available: Scored, pink tablets (imprinted “McNeil”’), 
bottles of 100. 


References: (1) Russek, H. I. ; Zohman, B. L.; Drumm, A. E.; Weingarten, W.,, 
and Dorset, V.J.: Circulation 12:169, 1955. (2) Dripps, R. D.: J.A.M.A. 

139 :148, 1949. (3) Deitz, G. W.: Am. Pract. & Digest Treat. 6 :1872, 1955. (4) Lewis, 
B. I.; Lubin, R. C.; January, L. E., and Wild, J. B.: Circulation 14 :227, 1956. 


* TRADE-MARK 


Mc NE IL LABORATORIES, INC « PHILADELPHIA 32, PA. 
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- a preliminary report of profound significance 


concerning new and broadly ramified uses for 


(iproniazid) 
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The psychic effect of Marsilid is unparalleled. Neither a “tranquilizer” 
nor a psychomotor stimulant in the usual sense, Marsilid nevertheless has 
been shown to possess profound psychodynamic activity with an extraor- 
dinary potential for a large segment of the emotionally disturbed population. 


what Marsilid is— An isopropyl derivative of isonicotinic acid hydrazide, 
Marsilid appears to be an amine-oxidase inhibitor, with apparently unique 
effect as a regulator of serotonin and other neurotropic enzyme activity. 


what Marsilid does — Under the influence of Marsilid, severely depressed 
and regressed apathetic individuals have regained the joy of living, with 
renewed vigor, activity and interests. 


why Marsilid is different — Marsilid characteristically achieves eudaemonia — 
a feeling of healthy well-being — rather than an abnormal state of euphoria. 
In properly adjusted dosage, it does not produce motor restlessness or irri- 
tability, does not depress but may actually stimulate the appetite. Marsilid 
does not elevate blood pressure. 


the Marsilid potential: depressed patients in private practice — Ambulatory, 
nonpsychotic individuals who are depressed and withdrawn, state that they 
“again get enjoyment out of life’ with Marsilid therapy. Although lesions 
show only minimal or no changes, patients with chronic debilitating dis- 
orders — e.g., rheumatoid arthritis — experience increased vitality and appe- 
tite, weight gain, and the return of a sense of well-being; chronic symptoms 
are better tolerated, less a cause for concern. 


the Marsilid potential: institutionalized, psychotic patients — Long-term psy- 
chotic patients with severe depression or regression untouched by any previous 
therapy have shown a heartening response to Marsilid. In some instances, 
even “deteriorated” schizophrenics of the catatonic and hebephrenic types — 
out of contact with their environment for many years—have become alert, 
responsive and sociable under Marsilid treatment. 


Clinical trials now under way will further delineate the role of this significant 
new development in therapeutics. 


For references and complete information concerning dosage, indications, side 
effects, and contraindications, write V. D. Mattia, Jr., M.D., Director of Medi- 
cal Information, Hoffmann-La Roche Inc, Nutley 10, New Jersey. 


MARSILID® PHOSPHATE — brand of iproniazid phosphate. 


Supplied in scored tablets of 50 mg., 25 mg. and 10 mg. 


Original Research in Medicine and Chemistry 
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unique derivative of Rauwolfia canescens 


(Deserpidine, Abbott) 


therapy 


More than two years of clinical evaluation 
have proven Harmony] a notably safe and 
effective agent in cases ranging from mild 
anxiety to major mental illnesses and in 
hypertension. Harmony] exhibited signifi- 
cantly fewer and milder side effects in com- 
parative studies with reserpine— while 
demonstrating effectiveness comparable to 
the most potent forms of rauwolfia. 


Safety—pius marked clinical effectiveness 
Harmony] proved particularly effective, for 
example, in tranquilizing a group of 40 
chronically ill, agitated senile patients.' 


Of particular interest is the observation 
that patients became more lucid and alert 
on Harmony! therapy. And there was a 
complete absence of side effects with 
Harmonyl—although a similar group on 
reserpine developed such side effects as 
anorexia, headache, bizarre dreams, shakes, 
nausea and vomiting. 


Following another eight-month study of 
chronic, hospitalized mental patients, 
Ferguson? stated: 


e Harmony! benefited at least 15% more 


706185 


introduces a new degree of safety in 
major tranquilizing—antihypertensive 


Most significant: In extensive trials, 
Harmonyl has produced less mental and 


A 


physical depression. And there are very 
few reports of the lethargy seen with 
many other rauwolfia preparations. 


overactive patients and proved more 
potent in controlling aggression—requir- 
ing only one-half to two-thirds the 
dosage of reserpine. 


e Patients experiencing side reactions on 
reserpine often were completely relieved 
when changed to Harmonyl. 


Ferguson concluded: ‘The most notable 
impressions were the absence of side effects 
and relatively rapid onset of action with 
Harmonyl.”’ 


Comparative studies have shown Harmony]! 
and reserpine about equal in hypotensive 
effect. The tranquilizing action of the two 
drugs also appeared similar—except that 
few cases of giddiness, vertigo, sense of de- 
tached existence or disturbed sleep were 
seen with Harmony]l. 


Professional literature is available upon 
request. Harmony] is supplied in 0.1-mg., 


0.25-mg., and 1-mg. tablets. 


References: 1. Communication to Abbott Laboratories, 
1956. 2. Ferguson, J. T.: Comparison of Reserpine and 
Harmony! in Psychiatric Patients: A Preliminary Report, 
Journal Lancet, 76:389, December, 1956. *T'rademark 
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METICORTELONE 


.. fapidly reduces swelling, tenderness and pain on motion 


.. overcomes disabling muscle spasm 


...Maintains therapeutic benefits by minimizing the sodium retention, 
edema and potassium loss associated with older corticosteroids 


buff-colored tablets of 1, 2.5 and 5 mg. 


4-867 
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carrier unto himself 


Once he is infected with athlete’s foot, he is likely to remain a “carrier 
unto himself,” even without re-exposure. Daily routine application 
of Desenex protects against reinfection and recurrence. 


fast relief from itching 
prompt antimycotic action p S 3 il PX: 
OINTMENT and SOLUTION 


Buffered at pH 6.5 


POWDER 


For most effective and convenient therapy and 
continuing prophylaxis, use Desenex as follows: 


AT NIGHT the Ointment (zincundecate) — 1 oz. 
tubes and 1 Ib. jars. 


DURING THE DAY the Powder (zincundecate) — 
14% oz. and 1 Ib. containers. 


AFTER EVERY FOOT BATH the Solution (undecy- 
lenic acid)—2 fl. oz. and 1 pt. bottles. Use only 
when skin is unbroken. 


In otomycosis, Desenex solution or ointment. 
Write for free sample supply to Professional 
Service Department. 


MALTBIE LABORATORIES DIVISION * WALLACE & TIERNAN, INC. ¢ Belleville 9, N. J. 
PD-71 
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—greater antibiotic absorption + earlier 
= therapeutic blood levels - faster broad-spectrum 


action. 


Tetracycline Buffered with Phosphate. CAPSULES — (Pink) 250 mg., 


100 mg., (tetracycline HC! equivalents, phosphate-buffered.) SYRUP — Each teaspoonful (5 cc.) 
of orange-flavored syrup contains 125 mg. of tetracycline HCI activity, phosphate-buffered. 


dosage: 6-7 mg. per ib. of body weight per day for children and adults, 


LEDERLE LABORATORIES DIVISION, AMERICAN ‘CYANAMID COMPANY, 
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*Raudixin reduces mental tension 


Tranquilizing Raudixin reduces the mental tension which plays a 
significant role in hypertension... reduces mental tension as yet 
unrelated to physical symptoms, 


*Raudixin reduces hypertension 


"te | Blood pressure lowering effect is gradual, sustained in hypertensives 
... little or no hypotensive effect is produced in normotensives. 


: *Single daily dosage 


| Discourages promiscuous over-use by patients . . . not habit-forming. 


Squibb Quality—the Priceless Ingredient 
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Relaxes 
without 
impairing 
mental 

or physical 
efficiency 


... well suited 


for 
prolonged therapy 


Miltow 


1 


_ of ‘hangover’. 


“The primary finding of these studies is that 
meprobamate [‘Miltown’] alone... produces no 
behavioral toxicity in our subjects as measured by 
our tests of driving, steadiness and vision.” 


Marquis, D. G., Kelly, E. L., Miller, J. G., 
Gerard, R. W. and Rapoport, A.: Ann. New York 
Acad. Se. 67:701, May 9, 1957. 


“Since it [meprobamate—‘Miltown’] does not 
cloud consciousness or lessen intellectual capacity, 
it can be used... even by those busily occupied 


in intellectual work.” 
Keyes, B. L.: Pennsylvania M. J. 60:177, 
Feb. 1957. 


“... the patient never describes himself as feeling 
detached or ‘insulated’ by the drug [‘Miltown’]. 
He remains completely in control of his faculties, 
both mental and physical...” 


Sokoloff, O. J.: A.M.A. Arch. Dermat. & Syph. 
74:393, Oct. 1956. 


“It [‘Miltown’] ...does not cloud the sensorium, 


and has a helpful somnifacient effect devoid 


Keasler, L. N. and Barnard, R. D.: M. Times 
84:431, April 1956. 


“In anxiety and tension states, meprobamate 
relaxes without dulling cortical function to the 


same extent as the commonly-used barbiturates.” 
Rindskopf, W., Ravreby, M., Gutenkauf, C. 
and Sands, S. L.: J. lowa M. Soc. 47: 57, 
Feb. 1957. 
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2-methyl-2-n-propyl-1, 3-propanedio! dicarbamate—U.S. Patent 2,724,720 


TRANQUILIZER WITH MUSCLE-RELAXANT ACTION 


SUPPLIED: 400 mg. scored tablets 
200 mg. sugar-coated tablets 


USUAL DOSAGE: One or two 400 mg. tablets t.i.d. 
Literature and samples available on request 


WALLACE LABORATORIES, New Brunswick, N. J. 


Cm-5103 
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A Better Antihypertensive 


“We prefer to use 
alseroxylon (Rauwiloid) 


since it is less likely to produce excessive fatigue and 
weakness than does reserpine.”’! Up to 80% of patients 
with mild labile hypertension and many with more 
severe forms are controlled with Rauwiloid alone. 


1, Moyer, J.H.: J. Louisiana M. Soc. 
108:231 (July) 1956. 


A Better Tranquilizer, too 


**,..relief from anxiety resulted in generally in- 
creased intellectual and psychomotor efficiency with 
a few exceptions.” Rauwiloid is outstanding for its 
nonsoporific sedative action in a long list of unre- 
lated diseases not necessarily associated with hy- 
pertension but burdened by psychic overlay. 


2. Wright, W.T., Jr., et al.: J. Kansas M. Soc, 
57:410 (July) 1956. 


Dosage: Merely two 2 mg. tablets at bedtime. 


After full effect one tablet suffices. 


Best first step when more potent drugs are needed 


Rauwiloid is recognized as basal 
medication in all grades and types 
of hypertension.In combination with 
more potent agents it proves syner- 
gisticor potentiating, making smaller 
dosage effective and freer from side 
actions. 


Rauwiloid + Veriloid 

In moderate to severe hypertension 
this single-tablet combination per- 
mits long-term therapy with depend- 
ably stableresponse. Each tablet con- 
tains 1 mg. Rauwiloid and 3 mg. Veri- 
loid. Initial dose, 1 tablet t.i.d., p.c. 


Rauwiloid + 
Hexamethonium 


In severe, otherwise intractable hy- 
pertension this single-tablet com- 
bination provides smoother, less 
erratic response to hexamethonium. 
Each tablet contains 1 mg. Rauwi- 
loid and 250 mg. hexamethonium 
chloride dihydrate. Initial dose, 4% 
tablet q.i.d. 


Riker LOS ANGELES 
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when biood pressure 
must come down 


increased antihypertensive benefits 
Lowering of diastolic and systolic pressures 
Beneficial bradycardia 
Increase in renal blood flow 


low dosage of Apresoline 
Combined with Serpasil, Apresoline is effective at an 
average daily dose of only 200 mg. Thus, side effects 
such as headache and tachycardia seldom occur. 


versatility 
Easier management of hypertension is made possible 
by two tablet strengths of Serpasil-Apresoline. 


All patients to be given Serpasil-Apresoline may benefit 
from priming with Serpasil. 


SERPASIL-APRESOLINE Tablets #2 (standard-strength, 
scored), each containing 0.2 mg. of Serpasil and 50 mg. of 
Apresoline hydrochloride; Tablets #1 (half-strength, 
scored), each containing 0.1 mg. of Serpasil and 25 mg. of 
Apresoline hydrochloride. 


Serpasil-Apresoline 

3 (reserpine and hydralazine hydrochloride CIBA) 


COMBINATION TABLETS 


SUMMIT, N. J. 


Magy | | 


